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AMPLIFICATION AND OTHKK KN/YMATIC SUMMARY OF THE INVENTION 

REACTIONS PERFORMED ON NUCLEIC Within one aspect of the present invention, methods of 

ACID ARRAYS amplifying nucleic acid molecules from a template are 

provided comprising (a) mixing single-stranded nucleic acid 

CROSS-REFERENCE TO REI.ATEI) 5 templates on a solid substrate with a solution comprising an 

APPLICATION oligonucleotide primer thai hybridizes to the templates and 

. . a ON A polymerase, wherein the mixing occurs in discrete 

Ihe present application claims the benefit ot U.S. Provi- awag 0Q ^ sybslrali .. ajJt1 whcrciQ lbc solution remains in 

sional Patent Application No. 60/053.428, filed Jul. 22, lhi . discrete areas; (b) synthesizing a complementary strand 

1997, now abandoned. 1Q lo lhe template to form a duplex; (c) denaturing the duplex; 

and (d) synthesizing complementary strands to the template, 

rECHNICAL FIELD therefrom amplifying nucleic acid molecules; wherein 

l*is invention relates generally to enzymatic reactions mixing^ynthesizing, and denaturing are conducted at dew 

performed on nucleic acids that are arrayed on a solid substrate may be a silicon wafer or glass 

r , , . i . i • -i slide. The templates may he covalenUv attached to the solid 

subs.rutc, and id particular, lo ampUGcahon ot nucleic acids « m £ U)c suriace - o[ thc Kl)bslnilc . Thu 

thai are arrayed, template may be uniformly applied to the cnlire array prior 

BACKGROUND OF THE INVENTION '° ™ xin S "■"* a individually 10 each discrete area on Ihe 

substrate. When applied individually, prelcrably the apply - 

Replicate arrays of biological agents have been used to mg is performed using spring probes. In a most preferred 

facilitate parallel testing of many" samples. For example, 20 embodiment, an apparatus is used to control the dew point, 

sterile velvet cloths and a piston-ring apparatus has long Within a related aspect, the method of amplifying uses a 

been used to make replicates of bacterial and veast colonies firet oligonucleotide primer that hybridizes to the templates, 

to a*ar plates each containing a different growth medium, as * second oligonucleotide primer that hybrids to a comple- 

a means of rapidly screening a large number of independent mcmary strand of the template, and after sythesizmg, dena- 

colonies-for different growth phenoiypes (Lederberg and 25 ring the duplex, and synthesizing complementary strands 

Lederberg, J. BacterivL 63 :399, 1952). Likewise, 96-well t0 th , e rem P la ' c and complementary strand of rhe 

microtitef plates are used lo organize and store in an easily tem P ,ate > mer f from nuclc.c acid molecules, 

accessed fashion large numbers of e.g. cell lines, virus . In P^red embodiments the denaturing and synthesiz- 

isolates representing recombinant DNA libraries, or mono- ***** "f ,nuU f ° lMne * Id ° {] ™. ^ ie T 

i l iLwi lit* 30 embodiments, the solution contaias a compound that conicrs 
cjonat antibody celt lines. viscosity, such as glycerol or a sugar. In other preferred 
Ihe advent of large scale genomic projects and the embodiments, the DNA polymerase is a thermostable poly- 
increasing use of molecular diagnostics has necessitated the merase and synthesis and denaluration are performed at 
development cf large volume throughput methods for different temperatures. 

screening nucleic acids. Recently, methods have been devel- 35 j n ycl ot her preferred embodiments, the method further 

oped to synthesize large arrays of short oligodeoxyoucle- comprises detecting thc duplexes. Most preferably, the oli- 

oudes (ODNs) bound to a glass or silicon surface that gonucleotide primers are labeled with a tag that is delectable 

represent all, or a subset of all, possible nucleotide by non-fluorescent s|>ccrromeLry or potent iometry, and pref- 

sequences(Maskosand Southern, Afac/. Acids R^s. 20: 1675, crably by mass spectrometry, infrared spectrometry, ultra- 

1992). These ODN arrays have been made used to perform ^ violet spectrometry, or putenioslaiic amperomctry. 

DNA sequence analysis by hybridization (Southern ct al., In anolhc r aspect, a method of synthesizing a nucleic acid 

Genomics 13: 1008, 1992; Drmanac et al., Science 260: molecule from a template is provided, comprising (a) mix- 

1649, 1993), determine expression prulilcs, screen for inula- ing single-stranded nucleic acid templates on a solid sub- 

tioas and the like. In all these uses, the ODNs are covalently strale w ] tQ a solution comprising an oligonucleotide primer 

attached to the surface of ihe substrate. However, some 4S tna1 hybridizes to the templates and a DNA polymerase, 

useful screening techniques and assays are not readily wherein the mixing occurs in a discrete area of an arrav, and 

adaptable lo a format in which ODNs are immobilized. wherein the solution remains in discrete areas; and (b) 

In particular, amplification of nucleic acids, notably the synthesizing a complementary strand to the template to form 

polymerase chain reaction (PCR) and its many variations, a duplex, wherein mixing and synthesis are performed at 

has found wide application lo many different many biologi- 50 dew point, wherein dew point is maintained or achieved by 

cal problems and is not easily moved to a formal where the an apparatus, comprising: a container capable of being . 

ODNs are immobilized. In its standard formal, PCK has two pressurized; a heating device; a means for generating pres- 

major limitations to its commercial utilization: the cost of sure; and a means for generating saturated steam; wherein 

reagents and the ability to automate the process. Reagent the heating device, pressure generating means, and steam 

costs, especially DNA polymerase, can be lowered if the 55 generating means are controllable. 

total volume of each reaction is decreased. An accurate and | n yd another aspect, it method of detecting 0 single base 

reliable means to array small volumes of reagents using a alteration in a nucleic acid molecule, Ls provided comprising 

rolxMically controlled pin tool would miniaturize the reac- ( a ) mixing single-stranded nucleic acid molecules ou a solid 

lions. Additional hurdles to moving amplification to an array substrate with a solution comprising a first and a second 

format include preventing evaporation during heating and $0 oligonucleotides thai hybridize to llie nucleic acid molecules 

cooling cycles and prevailing sSprcading and merging of the and a DNA ligasc, wherein thc mixing occurs in a discrete 

rend ions on thc array. area of an array, and wherein the solution remains in the 

The present invention discloses methods and composi- discrete areas; and (b) detecting a ligation product; wherein 

lions for performing amplification and other enzymatic the first and second oligonucleotides will not ligate when 

reactions in ao array format without the need to immobilize 65 there is a single base alteration at the junction base on the 

thc components, and further provides other related advan- nucleic acid molecule, wherein mixing is performed at dew 

lages. point. 
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In yet another aspect, n mclhod of performing single 
nucleotide extension assay is provided, com prising (a) mix- 
ing oligonucleotides on a solid substrate will) a solution 
comprising single -stranded nucJeic acid molecules that 
hybridize 10 the oligonucleotides, a single nucleotide, and a 5 
DNA polymerase, wherein the mixing occurs in discrete 
areas of the substrate, and wherein the solution remains in 
discrete areas; end (b) delecting an extension product of the 
oligonucleotide; wherein the oligonucleotide will be 
extended only when the single nucleotide is complementary 10 
to the nucleotide adjacent to the hybridized oligonucleotide, 
wherein mixing is performed at dew point. 

In other aspects, the invention provides a kit for 
gcnolyping, comprising a solid substrate containing au array 
of labeled oligonucleotide primer pairs. In preferred 15 
embodiments, the kit further comprises uucleic acid tem- 
plates and a viscous solution. 

These and other aspects of the present invention will 
become evident upon reference to the following detailed 
description and attached drawings. In addition, various ~° 
references are set forth below which describe in more detail 
certain procedures or compositions (e.g., ptasmids, etc. ), and 
are therefore incorporated by reference in their entirety. 

Ihe methods and kits of the present invention may 
include tagged biomolecules, for example, oligonucleotides *~ 
covalcntly bonded to cleavablc lags. Exemplary tagged 
biomolecules, and assays which may use the same, are 
described in VS. patent application Ser. Nos. 08/786,835; 
08/786,834 and 08/787,521, each filed on Jan. 22, 1997, as w 
well as in three U.S. continuation-in-part patent applications 
having Application Ser. Nos. 08/898,180; 08/898,564; and 
08/898,501. each filed Jul. 22, 1997 and PCT International 
Publication Nos. WO 97/27331; WO 97/27325; and WO 
97/27327. These six U.S. Patent Applications and three PCT y$ 
International Publications are each hereby fully incorporated 
herein by reference in their entireties. 

The methods and kits of the present invention may he 
used in conjunction with arrays that contain more than one 
oligonucleotide sequence within an clement (or "first ^ 
region"). Biomoleculc arrays containing more than one 
oligonucleotide sequence within an element, and uses 
thereof, are described in our U.S. patent application Ser. No. 
09/120,688 titled "Multiple Functionalities Within An Array 
Element And Uses Thereof filed concurrently herewith, 45 
which claims the priority benefit of U.S. Provisional Patent 
Application No. 60/053,436 filed Jul. 22, 1997, both of 
which are hereby fully incorporated herein by reference in 
their entireties. 

Biomoleculc arrays that may be used in conjunction with 50 
the methods and kits of the present invention may be 
prepared according to techniques disclosed in our U.S. 
patent application Ser. No. 09/120,689 titled "Apparatus and 
Methods For Arraying Solution Onto A Solid Support " filed 
concurrently herewith, which claims the priority benefit of 55 
U.S. Provisional Palcnt Application No. 60/053,435 filed 
Jul. 22, 1997, both of which are hereby fully incorporated 
herein by reference in their entireties. 

Hiomolecule arrays that may be used in conjunction with 
the methods and kits of the present invention may be 60 
prepared according to techniques as disclosed in our U.S. 
patent application Ser. No. 09/120,386 tilled 
~Polyethylenimine-Bascd Biomoleculc Arrays" filed con- 
currently herewith, which claims the priority benefit of U.S. 
Provisional Patent Application No. 60/053,352 filed Jul. 22, 65 
1997, both being fully incorporated herein by reference in 
their entireties. 
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Computer systems and methods for correlating data, as 
disclosed in U.S. patent application Scr. No. 09/120,686 
lilled "Computer Method and System For Correlating Data" 
filed concurrently herewith, which claims the priority benefit 
of U.S. Provisional Patent Application No. 60/053,429 filed 
Jul. 22, 1997 (both being fully incorporated herein by 
reference in their entireties) may be used in combination 
with the amplification and other enzymatic reactions per- 
formed on nucleic acid arrays as described herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FTG. t shows photomicrographs of arrayed microspheres 
taken under visible light illumination (top panel) and fluo- 
rescence illumination (IxMom panel). 

FIG. 2 shows a CCD camera image of an array prexfuced 
by a robot using the methodology of the invention, where the 
domains are approximately 100-150 microns in average 
diameter with 200 micron center to center spacing between 
spots. The standard deviation of spot diameter is approxi- 
mately 15%. 

FIG. 3 shows an array of imcrospots prepared according 
to the invention and developed using Vector Blue (Vector 
Laboratories, Burlingaroe, Calif.) and imaged with a CCD 
camera and microscope. 

FIG. 4 is an illustration showing how two different 
oligonucleotides, both present within a single array element, 
may be identified and partially quantified according to the 
present invention. 

FIG. 5 is nn illustration of an apparatus that controls dew 
point. 

DETAILED DESCRIPTION OF THE 
INVENTION 

As noted above, the present invention provides methods 
and apparams for amplifying nucleic acid molecules from a 
template as well as methods and apparatus for performing 
enzymatic assays on nucleic acid molecules. These methods 
are generally performed on an array of nucleic acid mol- 
ecules made as described herein. In the present invention, 
these methods are performed in an apparatus that controls 
dew point. 

I Application of Templates to Solid Substrate 
A. Substrate preparation 

A substrate for arrays is prepared from a suitable material. 
The substrate is preferably rigid and preferably has a surface 
that is substantially flat. In some embodiments, the surface 
may have raised rigjds to delineate regions. Typical sub- 
strates are silicon wafers and borosilicalc slides (e.g., micro- 
scope glass slides), although other materials known in the art 
maybe substituted. An example of a particularly useful solid 
supporl is a sUicon wafer that is lypically used in rhe 
electronics industry in the construction of semicomductors. 
The wafers are highly polished and rcflcciive on one side 
and can be easily coated with various linkers, such as 
poly(cthylcneimine) using silane chemistry. Wafers are com- 
mercially available from companies such as WaferNet, San 
Jose, Calif. 

Nucleic acid molecules or other biopolymers, such as 
peptides, may either be synthesized in situ, i.e., on the solid 
substrate, or synthesized elsewhere and applied to the sub- 
strate. Alternatively, substrates with oligonucleotides 
already pieseui in arrays can be purchased (e.g., Asymetrix, 
Palo Alto, Calif). Many suitable methods for synthesizing 
nucleic acids on a solid substrate, such as a silicon wafer, arc 
readily available. These methods rely on standard protocols, 
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such as phosphoramidite chemistry, to synthesize an oligo- 
nucleotide. Nucleic acids and peptides may also be synthe- 
sized in an automated fashion using a commercial ly avail- 
able machine. A preferred method Is to prepare the nucleic 
acid molecules and apply them to the substrate. In certain 5 
embodiments, the molecules are covalonlly attached to the 
substrate . In preferred embodiments, the nucleic acids are 
deposited on the solid substrate and are not covalently 
attached. 

In certain embodiments, the surface of the substrate is to 
prepared for the oligonucleotides. The surface may be 
prepared by, for example, coaling with a chemical that 
increases or decreases the hydrophobia ry or coating with a 
chemical that allows covalenl linkage of the nucleic acid 
molecules or other polymeric sequences. Some chemical 15 
coalings may both alter the hyclrophob icily and allow cova- 
lenl linkage. Hydropbobicily on a solid substrate may 
readily be increased by silane treatment or other treatments 
known in the art. A chemical that allows covalent linkage is 
generally referred to as a linker. These linker molecules 20 
adhere to the surface of the substrate and comprise a 
functional group thai reacts with biomoleeules. Many such 
linkers are readily available. For example, solid supports are 
modified with phololabile-protecfed hvtlroxyl groups (see, 
U.S. Pat. Nos. 5,412,087; 5,571,639; 5,593,830), alkoxy or 25 
aliphatic derivalized liydroxyl groups (U.S. Fat. No. 5,436, 
327), or other chemicals (see e.g., U.S. Pat. No. 5,445,934; 
EP Patent No. EP-Bl -0,373,203; U.S. Pat. No. 5,474,796; 
U.S. Par. No. 5,202,231) 

A preferred coating that both decreases hydrophobicity 30 
and provides Linkers is poly(elhylencimine). In addition, 
poly(ethyleneimine) (PEJ) coated solid substrates also have 
the added benefit of long shelf life stability. The coaling of 
silicon wafers and glass slides wilh polymers such as 
po 1 y(e thy lenei mine) can be performed in-house or through 35 
companies such as Cel Associates (Houston, Tex.). Gl ass 
slides can also be coaled wilh a reflective material or coaled 
with PEI using silane chemistry. The PEI coating permits the 
covalenl attachment of single or double stranded 
oligonuclceotides, single or double stranded long DNA 40 
molecules or fragments or any other aminc-conlaining bio- 
molecules to the solid support. Oligonucleotides may be 
covalently auached at the 5* using a hexylamine 
modification, which places a primary amine at the 5 -end of 
ihe oligonucleotide. The 5'-amine on the oligonucleotide 45 
may iben be reacted with a cross-linker, such that the 
oligonucleotide is covalently attached to the polymer coat- 
ing on the solid support. 

Any nucleic acid type can be covalently attached to a PEI 
coated surface as long as the nucleic acid contains a primary 50 
amine. Amplified products (e.g, by PCK) may be modified 
lo contain a primary amine by using 5-hcxylaminc- 
coujugated primers. Amine groups may be iutroducted into 
amplified products and other nucleic acid duplexes by nick 
translation using allyl-dUTP (Sigma, St. Louis, Mo.). As 55 
well, amines may be introduced into nucleic acids by 
polymerases, such as terminal transferase, or by ligation of 
short aiiunc-cuniaimng oligonucleotides. Other suitable 
methods known in the art may be substituted. 

Cross linkers suitable for amine- groups ate generally 60 
commercially available (see, e.g.. Pierce, Rockford, 111.). A 
typical cross-linker is liichlorotriaziue (cyanuric chloride) 
(Van Nesset i\\. y Nucteic Acids Res. 19: 3345-3350, 1991). 
Briefly, ao excess of cyanuric chloride is added to the 
oligonucleotide solution (e.g., a 10 to 1000-fold molar 65 
excess of cyanuric chloride over amines) at a typical oligo- 
nucleotide concentration of 0.01 to 1 ;<g/ml, aod preferably 
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about 0.1 ,/ig/ml. 'I*he reaction is buffered using common 
buffers such as sodium phosphate, sodium borate, sodium 
carbonate, or Iris HCL at a pi I range from 7.0 to 9.0. The 
preferred buffer is freshly prepared 0.2 M NaBorate at pH 
8.3 to pi 1 83. Ten «1 of 15 mg/ml solution of cyanuric 
chloride is added and allowed lo react wilh constaot agita- 
tion from 1 to 12 hours and preferably approximately 1 hour. 
Reaction temperature may range from 20 lo 50° C. with the 
preferred reaction temperature at 25° 0. (or ambient 
temperature). 

When cyanuric chloride is used as a cross linker, there is 
no need lo remove the excess erosslinkcr prior to priming the 
nucleic acids on a solid substrate, txcess cyamiric chloride 
in the reactiou mixture does not interfer or compete with the 
co va lent attachment of the nucleic acid or oligonucleotides 
to the PEI coated solid support, because of an excess of 
amines on the .solid support over the number of cyanuric 
chloride molecules. In a preferred embodiment, cross- linked 
oligonucleotides are not purified prior to the printing step. 

If the nucleic acids or other a mine-containing polymers 
are to be covalently attached, the activated polymers arc 
allowed lo react with the solid support for 1 to 20 hours at 
20 to 50° C. and preferably for 1 hour at 25° C. The free 
amines on the solid support are then capped to prevent 
non-specific attachment of other nucleic acids. Capping is 
accomplished by reacting ihe solid support with 0.1 to 2.0 M 
succinic anhydride, and preferably 1.0 M succinic a nil yd ride 
in 70% m-pyrol and 0.1 M NaBorate, for 15 minutes lo 4 
hours wilh a pref erred reaction lime of 30 minutes at 25° C. 
I "he solid support is then incubated in a 0.1 to 10.0 M 
Na Borate, pH 7 to pH 9 (preferably 0.1 M NaBorale pH 8.3) 
solution containing 0.1 lo 5 M glycine (preferably 0.2 M 
glycine) and then washed with detergent- containing solu- 
tion. This "caps" any dichloro-lriazinc thai may be 
covalently bound lo the PEI surface. Preferrably, the solid 
support is further heated lo 95° C. in 0.01 M NaCl, 0.05 M 
EDTA and 10 mM Tris pH 8.0 for 5 minutes to remove any 
non-covalcnlly attached nucleic acids. lu the case where 
double stranded nucleic acids arc printed onto a solid 
substrate, iliis step aLso converts (denatures) the double 
strand to a single strand form. 

B. Mclhods of applying nucleic acid molecules to solid 
substrates 

Oligonucleotides, nucleic acid molecules or other 
biopolymers are "printed** (delivered or applied) on a solid 
substrate. In preferred embodiments, the polymers are 
applied in a regular pattern or array. In other preferred 
embodiments, the polymers are applied to the entire area of 
the solid substrate and allowed to dry, after which additional 
polymers, buffers, enzymes and the like arc applied in an 
array pa tier o. The polymers may be applied to the subslrule 
in a buffered sail solution without detergents, such as 10 mM 
'lYis, 50 mM NaCl, and 5 mM EDTA, using a pipettor, nylon 
roller, stamps, or the like. 

A variety of printing methods are available for applying 
nucleic acids, such as oligonucleotides or DNA fragments, 
lo a solid substrate in an array pattern. As a general 
guideline, the delivery mechanism must be capable of posi- 
tioning very small amounts of liquids (e.g., nanoliters) in 
small regions (e.g., 10-200 /mi diameter dots) where the 
regions are very close lo one another (e.g., 25-500 /urn center 
to center distance). Preferably the printing technique is 
amenable to automation. One such tcchuique is iuk-jet 
printing using multiple heads. Very fine pipettes may also be 
used. A preferred means of printing is using spring probes as 
described herein. 

Sample pick-up, transfer and micro-droplet deposition is 
greaily euhauccd when using a liquid transfer device that has 
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a hydrophilic surface, especially when that device is a 
modified spring probe. Spring probes arc made hydrophilic 
through the use of chemical agents acting io modify the 
surface of the probe or through coaling the probe with a 
hydrophilic substance. In a preferred method, the lip of the 
spring probe is soaked in a 25-200 mM solution of 1,4- 
dithiothreitol, 0.1 M sodium borate for 15 min to 2 hrs. 
Dithioihreitol reacts with gold surfaces through a thiol-gold 
coordination, which essentially hydroxy la tes the surface, 
making it hydrophilic. 

The hydrophilic surface promotes an even coating of 
sample when the spring probe is dipped in solution. The 
fluted probe becomes evenly and consistently loaded with 
liquid drawn to the probe surface by its hydrophilic nature. 
Solutions with viscosity enhancing chemicals, such as 
glycerol, provide especially improved handling capabilities 
using hydrophilic surfaces. With these solutions, the glyc- 
erol adheres to the probe even as it pulled from the source 
of Liquid. As a sample is transferred from its source lo a solid 
support, the hydrophilic surface of the probe continues to 
benefit liquid handling by retaining the sample being trans- 
ferred and inhibiting the sample from randomly dripping or 
running during transport. When a sample tearing spring 
probe comes inlo contact with a solid support, the sample is 
deposited from the lip of the spring probe onto the surface 
of the solid support, especially in the ease of a sample 
containing a viscosity enhancing solution. The size of the 
areas spotted generally range from 10-200 //m with a typical 
center to center distance of 25-500 tan. 

Brielly, in a typical procedure, a solution of the nucleic 
acid is uniformly mixed in 57% glycerol and then printed 
onto the solid support. Within the context of !his invention, 
the biopolymers may be either nucleic acid molecules or 
protein molecules. When nucleic acids are used, they may 
comprise single or double stranded DNA, single or double 
stranded RNA, oligonucleotides, hybrid DNA-RNA mol- 
ecules or duplexes, PN A nucleic acids with a protein back- 
bone and the like. 

JJ. Reaction Components and Conditions 

As noted above, the present invention provides methods 
for amplifying nucleic acids on a solid substrate as well as 
other enzymatic reactions. As noted above, the nucleic acids 
may be covalently attached lo Ibc surface of Ihe substrate or 
may be deposited on the substrate without attachment. 
JVpically, the template for amplification is primed first and 
reagents necessary for amplification or other enzymatic 
reactions arc subsequently added. 
A. Reagents, buffers, cofactors, etc. 

Each area of the array that undergoes a reaction has in 
addition lo the template nucleic acids, the appropriate 
enzyme, and any other required components including, but 
not limited to, oligonucleotide primers, nucleotides, buffers, 
cofactors, and the like. For example, an amplification reac- 
tion includes template, DNA polymerase, nucleotides (e.su, 
dATP, dCIV, dGTP, dTIV), oligonucleotide primers, and 
buflcr containing a divalent cation, usually Mg*\ 

Amplification reactions are based on primer extensions 
(e.g., polymerase chain reaction, sec U.S. Pat. Nos. 4,683, 
195; 4,683,202; and 4,800,159, cycling probe technology, 
NASBA), ligation (ICR, ligation chain reaction), RNA 
amplification (sec Lizardi et al, BiofTecJmology 6: 11 97, 
1988; Kramer et al., Nature 339:401, 1989; Lomeli ct al., 
Clin. Cftem. 35:1820, 1989; U.S. Pat. No. 3,780,600), dif- 
ferential display (Liang and Pardee, Science, 257: 967-971, 
1992; Liang, ct al., Nuch Acids Res., 22:5763-5757, 1994), 
anil the like. Preferably, the amplification method is poly- 
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merase chain reaction with a thermostable DNA polymerase, 
such as Taq DNA polymerase, Vcnl^ONA polymerase, 
Vei3l^B)(exo-) DNA polymerase, Pfu DNA polymerase, and 
the like. For Ihese enzymes, optimal buffers and divalent 

5 cations arc well known. Oligonucleotide primers are pref- 
erably average G+C content and with non -pairing 3' ends. 
Oligonucleotide sequence will also depend in part upon the 
region to be amplified. Conditions and considerations for 
oligo design, buffer concentrations and cation concentra- 
te lions are well known (see, e.g., Ausubel el al. Current 
Protocols in Molecular Biology, Greene Publishing, 1995; 
Inn is el al., PCR Pratrxzols: A Guide to Methods and 
Applications, Academic Press, 1990; Sambrook el al. 
Molecular Cloning: A Laboratory Manual, Cold Spring 

15 Harbor Press, 1987). The nucleotides are generally Ihe four 
deoxyuuclcolides, dAPP, dCTP, dGTP, and dTll* hut may 
also include derivatives or rare bases. 

Other enzymatic reactions within the context of this 
invention include synthesis of a nucleic acid molecule from 

20 a template, oligonucleotide ligation assay io detect a single 
base alleration in a nucleic acid molecule and a single 
nucleotide extension assay. For each of these methods, 
suitable conditions are well known. 

In addition, the reactions may contain other chemicals or 

15 components, (see U.S. application Ser. Nos. 08/719,132 and 
60/026,621, and International Publication Number WO 
98/13527 which claims priority to these two U.S. 
Applications, all of which are incorporated herein in Iheir 
entireties). For example, a hybotrope may be added to 

2X> improve annealing of an oligonucleotide primer lo template. 
A hybotrope refers to any chemical that can increase the 
enthalpy of a nucleic acid duplex by 20% or more when 
referenced to a standard salt solution (i.e., 0.165 M NaCl). 
A chemical exhibits hybotropie properties when, as a solu- 

35 tion an 18 bp oligonucleotide duplex that is 50% G+C has 
a helical-coil transition (HCT) of 15° C. or less. HCT is the 
difference between the temperatures al which 80% and 20% 
of the duplex is single-stranded. The temperature for anneal- 
ing is then chosen to be the discrimination temperature. 

4fl which is a temperature at which a hybridization reaction is 
performed that allows delectable discrimination between a 
mismatched duplex and a perfectly matched duplex. A range 
of temperatures satisfy criteria of a discrimination tempera- 
ture. 

45 Jn a preferred embodiment, the reactions are performed in 
a viscous solution. Such a solution preferably raises ihe dew 
point (i.e., lowers vapor pressure), has a high surface 
tension, and improves printing ability. The viscous solution 
must not substantially inhibit enzymatic activity. Preferably, 

50 enzyme activity is inhibited less than 1 to 20%. Suitable 
compounds to increase vLscosily include glycerol and sug- 
ars. Preferably, glycerol is present at 20-100% ami more 
preferably al 20-70%. Other suitable compounds may be 
identified by (a) determining enzyme activity in the presence 

55 of the compound, and (b) forming drops on a solid substrate, 
incubating oL the reaction temperature, and observing that 
discrete drops (areas) remain. In general, the more hydro- 
phobic the substrate surface, ihe lower the viscosity solution, 
and the more hydrophilic the substrate surface, the higher 

60 the viscosity solution. 

B. Apparatus to maintain dew point 

As noted above, the reactions are performed at dew poiut. 
Dew point, as used herein, refers to a temperature range 
where the droplet size does not chaugc significantly. As 

65 described herein, an apparatus capable of controlling 
temperature, pressure, and water content may be used to 
maintain dew point. 
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As such, Ibc reactions arc conducted under pressure with HI. Detection of Reaction Products 

a defined water content Level that prevents the evaporation of Reaction products may be delected by a variety of melh- 

vvaler from the micrudroplet. These conditions are achieved 0 fa Preferably, one of the reaction components is labeled, 

when there is an equilibrium state between the rare of In amplification reactions, the oligonucleotide priuicrs or the 

evaporation of water from the mierodroplct and the rate of 5 nucleotides are conveniently labeled. Preferably, the primers 

condensation of water onto the microdroplel from the moist contain a label. In single nucleotide extension assay, the 

air overlying the substrate arrays. When this equilibrium is added nucleotide is generally labeled, in oligonucleotide 

realized, the air is said to be saturated with rcspea to the ligatiou assay, one or more of the oligonucleotides are 

planar surface of the array. The pressure (Ps) exerted by the labeled, in other synthesis reactions, either the primer or the 

water vapor is the saturation vapor pressure that must be to nucleotides are typically labeled. 

maintained at any given temperature during the reaction. Commonly employed labels include, but are not limited 

The magnitudes of the saturation vapor pressures depend to, biotin, fluorescent molecules, radioactive molecules, 

onlv on" temperature and increase rapidlv with increasing chromogenic substrates, che mi-luminescence, and the like, 

temperature. Thai is, thermocycling amplification are con- H* methods for biolinylating nucleic acids arc well known 

ducted at essentially the dew points for all the temperatures 15 in ,bc aM > 88 ilTC methods for introducing fluorescent mol- 

achieved. For sample, at 0* G, the absolute pressure of tcill <* 3 * d radioactive molecules into oligonucleotides and 

saturated steam is CU'885 psi whereas at 100° C, the nucleotides. 

absolute pressure of saturated steam is 17.186 psi. Whcn * employed, n a detected by avidm, strepia- 

Tbereforc, an apparatus should have the ability to maintain V «M» or likc > wh * h » <*nj"gal«J to a delectable marker, 

the dew point during all the temperature cycling tbat occurs 20 as ™ enzyme (e.g. horseradish peroxidase) or radw- 

during amplification or other cnzvmaiic reaction. aclivc label S * p ) ^ me conjugates arc 

Essentially, saturated clean steam will be present in the commercially available from, for example Vector I abena- 

"cbambcr » Hie apparatus is typically composed of a pres- lyrics (Burlingamc, Calif). Steptavidin binds with high 

sure chamber that contains Ibe" solid support, a controllable affiuit y t0 biolin . "nbound stretavidm is washed away, and 

heating device, a means for generating pressure, and a 25 thc P«**n<* * f horseradish peroxidase enzyme is then 

means lor generating saturated steam. All parameters are detected using a precipitating substrate m thc presence of 

preferably controllable by computer. In other embodiments, peroxide and appropriate buflcrs. The product may be 

the apparatus is a chamber with a means for generating detected using a microscope equipped with a visible light 

pressure, a means for generating saturated steam and a seal, sourcc and a CCD camera (^inccion Instruemenis, 

such thai the chamber is sealed onto a controllable heating 30 PrinecloiL NJ.). With such an instrument, an image of 

and cooling block (such as those commercially available). approximately IO,0(K>«Mx 10,000 tiM can be scanned at oue 

This modular apparatus is designed to fit formats of heating time. 

and cooling blocks of various sizes, e.g., from n 96-wcll Detection methods are well known for fluorescent, 

plate size to a microscope slide. radioactive, chemiiuminescenl, chromogenic labels, as well 

In a preferred embodiment, and in reference to FIG. 5, the 35 as oiher commonly used labels. Briefly, fluorescent labels 

invention provides a heating and cooling block 101 on can be identified and quantitated most directly by their 

which sits a *lass cover slip 102. which contains the discrete absorption and fluorescence emission wavelengths and 

areas of sample drops 103. Thc block is encased in an intensity. A microscope/camera scmp using a light source of 

airtight cover 104 that forms a chamber, which has a piston lnc appropriate wave length is a convenient means for 

105 to adjust the internal pressure, a sensor 106 to measure 40 detecting fluorescent label. Radioactive labels may be visu- 

dew point, and a source of water vapor 107. °y standard autoradiography, phophor image analysis 

En a preferred embodiment of the invention, the apparatus or CCD detector. Other detection systems are available and 

for opening the chamber, the temperature of the block, the kn own in the art. For labels such as biotin, radioactive, or 

position of the piston, and the valve arc all under computer fluorescent, the number of different reactions that can be 

control. In one embodiment, of thc invention, the sensor 45 detected at a single time is limited. For example, the use of 

(106) is a CCD camera and a light .source behind a trans- four fluorescent molecules, such as commonly employed in 

parent section cjf the piston. In this embodiment, the size of DNA sequence analysis, limits anaylsis to four samples at a 

one or more of the drops is continuously measured by time. Essentially, because of this limitation, each reaction 

imaging the drop(s) and comparing the drop imagc(s) to the* '» usl individually assessed when using these detector 

image of a reference spot. ITie dew point is estimated by 50 methods. 

monitoring the drop size, and the pressure is adjusted to A more advantageous method of detection allows pooling 

maintain the drops ai Lheir original size. The pressure is of the sample reactions on at least one array and simulta- 

coulrollcd by controlliug the position of the piston, lu neous detection of thc products. By using a lag having a 

another embodimenr of the invention, the pressure is moni- different molecular weight or other physical attribute in each 

lorcd using conventional scusors. In this embodiment, thc 55 reaction, the entire set of reaction products can be harvested 

pressure is varied to preset values which arc based on the together and analyzed, (see U.S. application Ser. Nos. 

sample temperature and sample composition to fall within 08/786,835; 08/786,834; 08/787,521; 08/898,180; 08/898, 

the predicted dew point range. 564; 08/898,501 and International Publication Nos. 

In a preferred embodiment of the invention, thc source of 97/27331; 97/27325 and 97/27327, all incorporated herein 

water vapor (107) consists of source of dry gas which is 60 by reference in their entireties). Briefly, a "tag" molecule is 

passed through a water-saturated filter held at a constant used as a label. As used herein, a u tag" refers to a chemical 

icmperarure. The gas flowing out of the vapor sourcc is moiety which is used to uniquely ideutify a "molecule of 

saturated with water and at a controlled temperature, 'litis interest", and more specifically refers to the tag variable 

gas is used to flush the chamber before the chamber is component as well as whatever may be bonded most closely 

sealed, and serves to ensure that the composition of thc 65 to it in any of the tag re actant, tag component and tag moiety, 

atmosphere in the chamber is consistent and require evapo- A tag useful in the present invention possesses several 

ration from the samples to reach equilibrium. attributes: (1) It is capable of being distinguished from all 
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other tags. IhisdLscriminal ion from other chemical moieties template nucleic acids may be used for genntyping 

can be based on the chromatographic behavior of the tag individuals for mutation scanning, for determining exprcs- 

(partieularly after the cleavage reaction), its spectroscopic or sion profiles, and the like. Oligonucleotide ligation assays 

pofentiometrie properties, or some combination thereof. and single nucleotide extension assays may be used for 

Spectroscopic me thuds by which tags are usefully distin- 5 mutation analyses, detection of a nucleic acid in a sample 

guished include mass spectroscopy (MS), infrared (1R), and the like. Each of these uses is briefly discussed below, 

ultra violet (UV), and fluorescence, where MS, IR and UV A. Ge no typing 

arc preferred, and MS most preferred spectroscopic mcih- Within one preferred aspect of the present invention, 
ods. Potenliomstric amperometry is a preferred potcnlio- methods arc provided for geuolyping a selected organism, 
metric method. (2) The tag is capable of being delected when 10 comprising the steps of (a) generating lagged nucleic acid 
present at l(r* 2 to 10"* mole. (3) The tag possesses a molecules from a selected target molecule, wherein a tag is 
chemical handle through which it can be attached to the MOI correlative with a particular fragment and may be detected 
which the tag intended to uniquely identify IIk attach- by non-lluorcscent spectrometry or poientiomciry, (b) scpa- 
ment maybe made directly lo the MO], or indirectly through rating the tagged molecules, (c) cleaving the tag from the 
a "linker' 7 group. (4) The tag is chemically stable toward all 15 lagged molecule, and (d) delecting the tag by non- 
manipulations to which it is subjected, including attachment fluorescent spectrometry or potent iomclry, and therefrom 
and cleavage from the MOI. and any manipulations of the determining the genotype of the organism. In other 
MOI while the tag is attached lo it. (5) The lag docs not embodiments, the tag can be fluorescent, radioactive, etc. 
significantly interfere with the manipulations performed on Within another embodiment of the invention, methods are 
the MOI while the tag is attached lo it. For instance, if Ihe 20 provided for determining the identity of a nucleic acid 
tag is attached to an oligonucleotide, the tag must not molecule, or for detecting a selecting nucleic acid molecule, 
significantly interfere with any hybridization or enzymatic in for example a biological sample, utilizing the technique of 
reactions (e.g., amplification reactions) performed on the DNA fingerprinting. Briefly, such methods generally com- 
oligonucleotide. prise the steps of generating a scries of tagged nucleic acid 
A tag moiety that is intended to be detected by a certain 25 fragments, followed by separation of Ihe fragments by size, 
spectroscopic or pot cnliome trie method should possess T^o s ^ zc separation step can be accomplished, lor example 
properties which enhance the sensitivity and specificity of by gel electrophoresis (e.g.; polyacrylamidc gel 
detection by that method. Typically, the tag moiety wdl have electrophoresis) or preferably HPLC. The tags are then 
those properties because they have been designed into the cleaved from the separated fragments, and then the tags arc 
tag variable component, which will typically constitute the 30 detected by the respective detection technology (e.g., mass 
major portion of the lag moiety. In the following discussion, spectrometry, infra-red spectrometry, potenlioslatic ampcr- 
the use of the word "tag" typically refers to the tag moiety ometry or UV spectrometry). 

(Le., the cleavage product that contains the tag variable Descriptions of many types of DNA sequence pnlymor- 

component), however can also be considered to refer to the pbisms have provided the fundamental basis for ibe under- 

tag variable component itself because lhal is the portion of - v standing of the structure of the human genome (Botstein et 

the tag moiety which is typically responsible for providing &l.*Am.J. HumanGeneiics 32:314, 1980; Donis-Kellcr, Cell 

the uniquely detectable properties. In compounds of the 51:319, 1987; Weissenbach et al., Nature 359:791). The 

formula 'J' — L — X. the *T" portion contains the tag variable construction of extensive framework linkage maps has been 

component. Where the tag variable component has been facilitated by the use of these DNA polymorphisms and has 

designed to be characterized by, e.g., mass spectrometry, me 40 provided a practical means for localization of disease genes 

C T portion of T — L — X may be referred to as'r. by linkage. In addition lo single base rauialions, length 

Likewise, the cleavage product from T—L—X that contains variations of tandem repeats are also common in Ihe 

T may be referred to as the T^-containing moiety. ihe genome, with at least tens of thousands of interspersed 

following spectroscopic and po remiome trie methods maybe polymorphic sites (termed loci). There are two m ajoi groups 

used !o characterize T^-containing moieties. « of tandem repeat polymorphisms: minisa tell ites/vari able 

'thus, within one aspect of the present invention, methods number of taudeuj repeals (VNTRs), with typical repeat 

are provided for determiuing Ihe icfcniity.of a nucleic acid lengths of teas of base pairs and with tens lo thousands of 

molecule or fragment: (or for dctecung the presence of a ">lal repeat units, and microsatcllilcs, wilh repeat lengths of 

selected nucleic acid molecule or fragmeut), comprising Ihe U P lo 6 b P and Wlth maximum loial lengths of about 70 bp. 

steps of (a) generating tagged nucleic acid molecules from 50 Microsatellite dinudeolide repeats arc proving to be very 

one or more selected target nucleic acid molecules, wherein powerful tools in the identification of human genes, are 

a tag is correlative w-iih a particular nucleic acid molecule highly polymorphic (Weber, 1990, Genomic Analysis, 

and detectable by non-fluorescent spectrometry or 1:159-181, Cold Spriug Laboratory Press, Cold Spring 

potentiometry, (b) separating ihe lagged molecules by size Harbor, N.Y.; Weber and Wong, Hunk MoL Genetics, 2:, 

(e.g., HPLC, electrophoresis) to remove labeled material not » 1123, 1993) and may possess up to 24 alleles. Chromosome 

incorporated in the eruyxnalicaUy generated product, (c) specific markers which permit a high level of multiplexing 

cleaving the lags from the lagged molecules, and (d) detect- havc D <* n reported for performing whole genome scans for 

ing the tags by non-fluorescent spectrometry or linkage analysis (Da vies et al., Nature, 371: 130, 1994). 

potentiometry, and therefrom determining the identity of the Repeats can be amplified using primers complementary to 

nucleic acid molecules. Examples of such technologies « the unique regions surrounding the dinucleotide repeat, 

include for example mass spectrometry, iufra-red Following am pliii cation, several am pli lied loci can be com - 

speciromciry, poicnlioslatic amperometry or UV spccirom- bined (multiplexed) prior to capture on an array. 

ctrv Genoiyping or DNA fingerprinting involves the display of 

a set of DN A fragments from a specific sample. A variety of 

IV. Uses 6 - djsj a fingerprinting techniques arc presently available 

As noted above, ihe methods described herein may be (Jeffreys et al., Nature* 314: 67-73, 1985: Zabeau and Vos, 

used iu a variety of ways. For example, amplication of European Patent Application 9240262!) .7.; Vos et al. Nucl 
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Acids Res. 23: 4407-4414, 1996; Bares el al., in Vtelmjmct 
of Plant Molecular Genetics, Chapter 14, pp. 239-255, cel. 
B.W.S. Sobral, Birkhauser Publishing). DNA fingerprinting 
involves the display of a set of DNA fragments from a 
specific DNA sample. A variety of DNA fingerprinting 
techniques are presently available (Jeffries el al., Nature 
314:67, 1985; Welsh and McClelland, Nuc. Acids. Res. 
19:861, 1991), mosi of which use amplification (e.g., PCR) 
to generate fragments. 'ITic UNA fingerprinting process 
produces "fingerprint" patterns of different fragment lengths 
that are characteristic and reproducible for an individual 
organism. Ihcse fingerprints eao he use to distinguish even 
very closely related organisms, including near- isogenic 
lines. The differences in fragment leugths or sequence can be 
traced to base changes in the restriction site or the primer 
extension site, or to insertions or deletions within a DNA 
fragment. 

The choice of which fingerprinting technique to use is 
dependent on I he application, (e.g., DNA typing, DNA 
marker mapping) and the organisms undcT investigation, 
(e.g., prokaryotes, plants, animals, humans). A number of 
fingerprinting methods which meet these requirements have 
been developed, including random amplified polymorphic 
DNA (RAPD), DNA amplification fingerprinting (DAF), 
and arbitrarily primed PCR (AP-PCR). These methods are 
all based on the amplification of random genomic DNA 
fragments by arbitrarily selected PCR primers allowing 
generation of DNA fragment patterns from any DNA wiih- 
out prior sequence knowledge. The patterns generated 
dcj>end on the sequence of the amplification primers and the 
nature of the template DNA. Low annealing temperatures 
are used to allow the primers to anneal to multiple loci on the 
DNA, which are amplified when primer binding sites are 
sufficiently close together. In principle, a single primer is 
sufficient for generating band patterns. 

An additional technique for DNA fingerprinting has been 
described, named AFLP(Voset z\. y Nuc. Acids Res. 23:4407, 
1 995). The AFLP technique is based on the detection of 
genomic restriction fragments by amplification, and can be 
used for DNAs of any origin or complexity. Kriefly, the 
technique is based on selective amplification of restriction 
fragments from a total digest of genomic DNA. The tech- 
nique involves three steps: 1) restriction of the DNA frag- 
ments and subsequent ligation ol oligonucleotide adaptors, 
2) selective amplificalion of sets of restrict ion fragments, 3) 
analysis of the amplified fragments. Amplication of the 
restriction fragments is achieved by using the adaptor and 
restriction site sequence as target sites for primer annealing. 
The selective amplification is achieved by the use of primers 
that extend into the restriction fragments, amplifying only 
those fragments in which the primer extensions match the 
nucleotides flanking the restriction sites. This method there- 
fore yields sets of restriction fragments which may be 
visualized by a variety of methods (e.g., PAGL, HPLC, or 
otiier types of spectrometry) without prior knowledge of the 
nucleotide sequence. The method also allows the 
co-amplilication of large numbers of restriction fragments. 
The number of fragmeuts however is dependent on the 
resolution of the detection system. Typically, 50-1 0(1 restric- 
tion fragments arc amplified and detected. 

An amplificalion approach to identify restriction fragment 
length polymorphism (RFLP) combines separation tech- 
niques with detection of tags associated with specific PCR 
primers. Id general, one primer will possess oue specific tag. 
The tag will therefore represent one set of primers and 
therefore a pre -determined DNA fragment length. Polymor- 
phisms are delected as variations in the lengths of the labeled 
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fragments in a gel or cluting from a gel. HPLC or polyacry- 
Jamidc gel electrophoresis will usually afford the resolution 
necessary to distinguish minisalellite/VNTR alleles differing 
by a single repeat unit. Analysis of microsatelliie polyroor- 

5 phisms involves amplificalion by the polymerase chain 
reaction (PCR) of a small fragment of DNA containing a 
block of repeals followed by electrophoresis of the amplified 
DNA on denaturing poly aery la mide gel or followed by 
separation of DNA fragments by HPLC. The amplified DNA 

to may be labeled using primers that have labels attached. The 
primers are incorporated into the newly synthesized strands 
by chain extension. The primers are complementary In 
unique sequences that Hank the blocks of repeats. 

Jags can Ixj used to great effect in genolyping with 

is microsatcllites. Briefly, the PCR primers are constructed to 
carry tags and used in a carefully chosen PC reaction to 
amplify di-, tri-, or tcira-nucleolidc repeats. The amplifica- 
tion products are then separated according to size by meth- 
ods such as HPLC or PAGE. The DNA f ragmen Is are then 

20 collected in a temporal fashion, the lags cleaved from their 
respective DNA fragments aud length deduced from com- 
parison to internal standards in the size separation step. 
Allele identification is made from reference to size of the 
amplified products. 

25 By using cleavable tags in genolyping, it is possible to 
combine multiple samples on a single separation step. There 
are two general ways in which this can performed. ITie first 
general method for high through-put screening is the detec- 
tion of a single polymorphism in a large group of individu- 

30 als. In this scenario, a single or nested set of PCR primers is 
used and each amplificalion is done with one DNA sample 
type per reaction. The number of samples that can be 
combined in the separation step is proportional to the 
number of cleavable tags that can be generated per detection 

35 technology (i.e., 400-600 for mass spectrometer tags). It is 
there lore possible to identify several polymorphisms in a 
large group of individuals simultaneously. The second 
approach is to use multiple sets of primers which can 
identify numerous polymorphisms on a single DNA sample 

40 (genolyping an individual for example). In this approach, 
primers are combined in a single amplification reaction 
which generate amplified products of different sequence. 
Each primer pair or nested set is encoded by a specific 
cleavable tag resulting in each ampliilcd fragment encoded 

45 with a specific tag. The reaction is run on a single separation 
step. The number of samples that can be combined in the 
separation step is proportional to the number of cleavable 
tags that can be generated per detection technology (i.e., 
400-600 for mass spectrometer tags). 

50 B. Mutalion detection 

The detection of diseases is increasingly important in 
prevention and treatments. While multifactorial diseases arc 
difliculi to devise genetic tests for, more than 200 known 
human disorders arc caused by a defect in a single gene, 

55 often t chaugc of a single amino acid residue (Olseu, 
Biotechiology: Art industry comes of age, National Aca- 
demic Press, 1986). Many of these mutations result in an 
altered amino acid that causes a disease slate. 
Sensitive mutation detection techniques offer extraordi- 

60 nary possibilities for mutation screening. l : or example, 
analyses may be performed even before the implantation of 
a fertilized egg (Holding aud Monk, Lancet 3:532. 1989). 
Increasingly efficient genetic tests may also enable screening 
for oncogenic mutations in cells exfoliated from the respi- 

65 ratory tract or the bladder in connection with health check- 
ups (Sidransky ct. al., Science 252:706, 1 991). Also, when an 
unknown geuc causes a genetic disease, methods to monitor 
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DNA sequence variants a rcuscfu I to study the inheritance of particular nucleic acid probe and delectable by non- 
disease through genetic linkage analysis. However, detect- fluorescein spectrometry, or polentiomcrry, (b) separating 
ing and diagnosing mutations in individual genes poses amplified fragments, (c) cleaving the tag from the tagged 
technological and economic challenges. Several different fragment, and (d) detecting the tag by non-auorcsccnt 
approaches have been pursued, but none are both efficient 5 spectrometry, or potcntiornetry, and therefrom determining 
and inexpensive enough for trulv wide-scale application. lhc P allcr » (>f S«nc expression of the biological sample. 

Mutations involving a single nucleotide can be identified 1Jricfl y- in differential display, the 3 f lenrnnal portions of 

in a sample by physical, chemical, or enzvmalic means. PJ 1 ^ :iIC am P^ d auJ ^ulilicd on the basis of size. 

Generally, methods for mutation detection mav be divided U « m &* V[ l ™ r dtsi & ned 10 hind 10 l f he lt 5 boundary of a 

into scanning techniques, which are suitable to identify 10 P ol >< A > tad for reverse transcription, followed by amplifi- 

. ~ " • ■ . . . . . J cation of the cDNA usmc upstream arbitrary sequence 

previously unknown mutatioas, and techniques designed to rf rnRNA sub-populnlions are obtained. Sixelepara- 

detect distinguish, or qua nm ate known sequence variants. ^ mcthodfi (pAG ^ HPLC, etc.) allows d,rect side by side 

Several scanning techniques lor mutation detection have compnrjson 0 f lengths or amounts of the mRNAs between 

been developed based on the observation that hcterodu- |WQ hiologica ] san rplcs D f interest. The differential displav 

plcxcs of mismatched compIemcnlaTy ON A strands, derived is mct hod has 1 he potential to visualize all the expressed genes 

from wild type and mutant sequences, exhibit an abnormal (about 10.000 to 15,000 uiRNA species) in a mammalian 

migratory behavior. Cc U by using multiple primer combinations. 

One strategy for detecting a mutation in a DNA strand is Tag-based differential display on solid substrates allows 

by substituting (during synthesis) one of the normal nude- characterization of differentially expressed genes. It is based 

otides with a modified or labeled nucleotide or by altering 20 on the principle that most mRNAs expressed in two or more 

the molecular weight or other physical parameter of the cell types or samples of interest can be directly compared on 

product. A strand with an increased or decreased number of gels by amplifying partial cDNA sequences from subsets of 

this modified nucleotide relative to the wild-type sequence ruRNA with reverse transcription and PGR. Krielly, three 

exhibits altered mobility (Naylor et al.. Lancet 337:635, one-base anchored oligo-dT primers a re used in combination 

1991). Helen-duplex DNA molecules generated by 25 with a series of arbitrary 13 base oligonucleotides to reverse 

amplification, containing internal mismatches, can also be transcribe and amplify the mRNAs from a cell or sample of 

separated from correctly matched molecules by mobility interest For monitoring the expression of 15,000 genes, it is 

(Orita, Genomics 5:874, 1989; Keen, Trends Getter. 7:5, preferred that at least nine different arbitrary primers are 

1991), indicating the presence of a mutation in a limited used. For a complete differential display analysis of two cell 

segment of DNA. _w populations or two samples n£ interest, at least 400 ampli- 

Mutations may be also be identified via their destabilizing fication reactions are required. With tag-based differential 

effects on the hybridization of short oligonucleotide probes display analysis of two cell types, al least 1.500 amplification 

to a target sequence (see Wetmur, Cri/. Ren Hiaclivm. Moi reactions are easily and quickly performed. 

Bio1. y 26:227, 1991). Generally, this technique, allele- D. Single nucleotide extension assay 

specific oligonucleotide hybridization, involves amplifica- 35 The primer extension technique may be used for the 

lion of target sequences and subsequent hybridization with detection of single nucleotide in a nucleic acid template 

short oligonucleotide probes. An amplified product can thus (Sokolov, Nucleic Acids Res., 18:3671, 1989). As originally 

be scanned for many possible sequence variants by deter- described, 30 base oligonucleotides and 20 base oligonucle- 

miuing its hybridization pattern to an array of immobilized otides wmplemeatary to the known sequence of the cystic 

oh go nucleotide probes. Another method exploits the prop- 40 fibrosis gene were extended in the presence of a single 

crty that an oligonucleotide primer that is mismatched to a labeled nucleotide. The method had the ability to correctly 

target sequence al the 3' penultimate position exhibits a identify a single nucleotide change within the gene. The 

reduced capacity to serve as a primer in PGR. Additional technique is generally applicable to detection of any single 

mismatches may be incorporated into the primer at the thud base mutation (Kuppuswamy et aL, Proc, Natf. Acad. Sci. 

position from the 3' end. This results in two mismatched 45 USA, 88:1143-1147, 1991). 

positions iu the three 3" nucleotides of the primer hybridized Briefly, ibis method is based on a primer that hybridizes 

with one allelic variant, and one mismatch in the third to a sequence in a target molecule adjacent to a known single 

position in from the 3 1 end when hybridised to the other nucleotide polymorphism. Within the context of the present 

allelic variant (Newton et al., NucL Acids Res. 17:2503, invention, the target molecule is preferably covalently 

1 989). AmpliJica Lion conditions are chosen that signilicantly 50 attached to the solid substrate. The primed DNA is then 

favor amplification of a 1 bp mismatch. subjected to conditions iu which a DNA polymerase adds a 

G. lixpression profiles/differential display labeled dNTR, or ddNTP, if the next base in the template is 

Mammals, such as human bciugs, have about 100,000 complementary 10 the labeled nucleotide in the reaction 
different genes in their genome, of which only a small mixture. Free labeled dNTP or ddNTP is washed away, and 
fraction, perhaps 15%, are expressed in any individual cell. 55 the extended products are detected. 
The process of normal cellular growth and differentiation, as 1 n 0 modifi cation of lhc technique, cDN A is a template for 
well as the pathological changes thai arise in diseases like amplification of a sequence of interest containing a single- 
cancer, are all driven by changes in gene expression. Dif- base difference between two alleles. The amplificaliou prod- 
fercntial display techniques permit the identification of ucts arc then printed on the array. Each amplified product is 
geucs specific for individual cell types. 60 then analyzed for the presence, absence, or tela live amounts 

As disclosed herein, a high throughput method for mea- of each allele by annealing a primer that is 1 base 5 1 to the 
suring ihe expression of numerous genes (1-2000) is pro- polymorphism and exteuding by one labeled base (generally 
vided. Within one aspect of the invention methods are a didcoxy nucleotide). Only when the correct base is avail- 
provided for analyzing the pattern of gene expression from able iu the reaction will incorporation occur at the 3-cud of 
a selected biological sample, comprising the steps of (a) 65 the primer. Extension products are then analyzed as above, 
amplifying cDNA from a biological sample using one or In the present, invention, each (di)deoxy nucleotide is 
more tagged primers, wherein ihe lag is conelalive with a labeled with a unique lag. Of the four reaction mixtures, ouly 
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one will ndd a didcoxy-tenninatoron to the primer sequence. 
If the mutation is present, it wiiJ be delected through the 
unique tag on the dideoxynucloolide and its identity estab- 
lished. Multiple mutations can be ascertained simulta- 
neously by lagging the DNA primer with a unique lag as 
well. Thus, the DNA fragments are reacted in Jour separate 
reactions each including a different lagged (di) 
deoxy terminator, wherein the lag is correlative with a par- 
ticular didcoxynuclcotide and delectable by non-fluorescent 
spectrometry, or potent iometry. The DNA fragments are 
separated according to size by, for example, gel electro- 
phoresis (e.g., polyacrylamide gel electrophoresis) or pref- 
erably HPLC or detected in situ. The tags are cleaved from 
the fragments and detected by the respective detection 
technology (e.g., mass spectrometry, infrared spectrometry, 
potcntioslatic amperomelry or UV/ visible 
spccirophotomelry). The lags delected can be correlated to 
the particular DNA fragment under investigation as well as 
the identity of the mutant nucleotide. 
E. Oligonucleotide ligation assay 

The oligonucleotide ligation assay (OLA) as originally 
described by Landegren el ah (I andegen et ah, Science 
24I:4S7, 198X) is used for the identification of known 
sequcnees in very large and complex genomes. The principle 
of OLA is based on the ability of ligase to covalently join 
two diagnostic oligonucleotides as they' hybridize adjacent 
to one another on a given DNA target. If the sequences ai the 
probe junctions are not perfectly based-paired, (he probes 
will not be joined by the ligase. 'The ability of a thermostable 
ligase to discriminate potential single base-pair differences 
when positioned at the 3' end of the "upstream" probe 
provides Ihc opportunity for single base-pair resolution 
(Barony, Prvc. Naii Acad. Sci. USA % 88:189, 1991). When 
tags are used, they are atlached to the probe, which is ligatcd 
to the amplified product. After completion of OLA, unli- 
gated oligo nucleotides are removed by incubation at a 
temperature that mells the unligalcd oligonucleotides but not 
the ligatcd oligonucleotides. Al them a lively, fragments are 
separated on the basis of size. The tags are cleaved and 
detected by mass spectrometry. 

In another embodiment, oligonucleotide-ligation assay 
employs two adjacent oligonucleotides: a ^reporter" probe 
(tagged at the 5' end) and a S'-phosphorylaied/}* tagged 
"anchor" probe. The Iwo oligonucleotides, which have 
incorporated different tags, are annealed to target DNA and, 
if there is perfect complementarity, the two probes arc 
ligatcd by T4 DNA ligase. In one embodiment, the 3' tag is 
biolin and capture of the biolinylated anchor probe on 
immobilized streptavidin and analysis for ihe covalently 
linked reporter probe lest for the presence or absence of the 
target sequences. 

Within one embodiment of the invention methods are 
provided for determining the identity of a nucleic acid 
molecule, or for detecting a selecting nucleic acid molecule, 
in. for example a biological sample, utilizing the technique 
of oligonucleotide ligation assay. Kricfly, such methods 
generally comprise the steps of performing amplification on 
the target DNA followed by hybridization with the 5' lagged 
reporter DNA probe and a 5* phosphorylatcd/non- 
biolinylated probe, 'llie sample is incubated with T4 DNA 
ligase. 'lire DNA strands with ligatcd probes can be sepa- 
rated from the DNA with non-Ugated probes by, for 
example, preferably by LC or HHLC. 'Die lags arc cleaved 
from the separated fragments, aud then the tags axe detected 
by the respective detection technology (e.g., mass 
spectrometry, infrared spectrophotometry, poienliostatic 
ainpcroinetry or UV/visiblc spectrophotometry. 
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In the present invention, multiple samples and multiple 
mutations may be analyzed concurrently. Briefly, the method 
consists of amplifying the gene fragment containing Ihe 
mutation of interest. The amplified product is then hybrid- 

5 ized with a common and two allcle-specific oligonucleotide 
probes (one containing the mutation while the other does 
not) such that the 3 1 ends of the allele -specific probes are 
immediately adjacent to ihe 5' end of the common probe. 
This sets up a competitive hybridization-ligation process 

to between the two allelic probes and the common probe at 
each locus. The common prohe is labeled with one of four 
fluorophores and the allele -specific probes are each labeled 
with one or more tags that provide sizing differences. The 
samples are then separated based upon the length of the 

15 modifying tails and detected by the fluorescent lag on the 
common probe. JTirough the use in sizing differences on the 
allcle-specific probes and four fluorophores available for the 
common probe, many samples can be analyzed. 

Within one embodiment of the invention methods are 

20 provided for determining the identity of a nucleic acid 
molecule, or for detecting a selecting nucleic acid molecule, 
in, for example a biological sample, utilizing the technique 
of oligonucleotide ligation assay for concurrent multiple 
sample detection. Briefly, such methods generally comprise 

25 the steps amplifying target DNA followed by hybridization 
with the common probe (untagged) and two allele-spccific 
probes tagged according to the specifications of the inven- 
tion. The sample is incubated with DNA ligase and frag- 
ments .separated by, for example, preferably by LC or HPLC. 

30 The tags arc cleaved from the separated fragments, and then 
the tags are delected by the respective detection technology 
(e.g., mass spectrometry, infrared spectrophotometry, poien- 
liostatic amperometry or UV/visible spectrophotometry. 
1\ Other assays 

35 The methods described herein may also be used to geno- 
type or identification of viruses or microbes. For example, 
F+RNA eoliphages may be useful candidates as indicators 
for enteric virus contamination. Gcnotyping by nucleic acid 
amplification and hybridizatiou methods are reliable, rapid, 

40 simple, and inexpensive alternatives 10 scrolyping (Kafatos 
el. al.. Nucleic Acids Res. 7:1541, 1979). Amplification 
techniques and nucleic aid hybridization techniques have 
been successfully used to classify a variety of microorgan- 
isms including £. cofi (Feng, Mof. Cell Probes 7:151, 1993), 

45 rotavirus (Seihabuir el. al., J. Med VboL 37:192, 1992), 
hepatitis C virus (Siuyvcr ct. al., J. Gen Virol. 74:1093, 
1993), and herpes simplex virus (Matsumoto et. al.,./. Virol. 
Methods 40:119, 1992). 

Genetic alterations have been described in a variety of 

50 experimental mammalian and human neoplasms and repre- 
sent the morphological basis for the sequence of morpho- 
logical alterations observed in carcinogenesis (Vogelstein ct 
bUNEJM 319:525, 1988). In recent years with the advent of 
molecular biology techniques, allelic losses on certain chro- 

55 mosornes or mutation of tumor suppressor genes as well as 
mutations in several oncogenes (e.g., e-myc, c-jun, and the 
ras family) have been observed. For example, a correlation 
bet wee □ specific types of point mutations in the K-ras 
oncogene and the stage at diagnosis in colorectal carcinoma 

60 has been identified (FinkcLsleiu ct al. , A/r/i Surg. 128:526, 
1993). Thus, mutational analysis could provide important 
information of tumor aggressiveness, including the pattern 
and spread of metastasis. Indeed, the prognostic value of 
TP53 and K-ras-2 mutational analysis in stage Hi caicinonia 

65 of the colon has been demonstrated (Pricolo et al., Am. J. 
Surg. 171:41, 19%). ft is therefore apparent that gcnotyping 
of turners and pre -cancerous cells, as well as specific uiuia- 
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lion detection will become increasingly important in the 
treatment of cancers in humans. 

The following examples are offered by way of illustration, 
and not by way of limitation. 

EXAMPLES 

Example 1 

Preparation of Arraying Tip from a Commercial Spring 
Probe. 

'This example describes the manufacture and modification 
of a spring probe tip for use in depositing samples in an 
array. 

XP54P spring probes are purchased from Osby-Barton (a 
division of Everett Charles (Pomona, Calif.)). The probes 
are placed "tip -down" on an extra fine diamond shrpening 
stone and moved across the stone about 0.5 cm with gentle 
pressure. Approximately 0.0(15 inches (0.001 to 0 01 inches) 
of metal is removed from the end of the lip as observed by 
microscopy. The tip end is polished by rubbing the tip across 
a leather strip and then washed with water- Tips are stored 
dry or stored in 50% glycerol at -20° C. For use in 
preparation of arrays the tips are mounted in a head in an 
array fashion. Ihc head is mounted ou an robotic arm, which 
possesses controllable motion in the z-axis. 

Example 2 

Preparation of Arrays of Microspheres of Glass Slides. 

Deposition of easily detectable microspheres on glass 
slides demonstrates reproducibility of array formation. In 
this procedure, a solution consisting of 56% glycerol, 0.01 
M Tris pH 7.2, 5 mM EDTA, 0.01% sarkosyl, 'and \ % v/v 
Fluoresbrite Plain 0.5 uM microspheres (2.5% solids- latex), 
(ftilysc-icnces, Warrington, Pa.) is prepared. An arraying pin 
is submerged 5 mm into this solution for 5 sec. The 
microspheres are then repeatedly arrayed onto a glass slide. 
Photomicrographs of the slide are taken under fluorescence 
light using a filter for fluorescence. FIG. .1 demonstrates that 
the amount of deposited solution in each area of the array is 
very consistent. Moreover, at least 100 deposits can be made 
per pickup that are virtually identical. 

Example 3 

Preparation of as Array Using a Modified Hydrophilic 
Spring Probe 

Sample pick-up, transfer and micro-droplet deposition is 
greatly enhanced when using a liquid transfer device that has 
a hydrophilic surface, especially when that device is a 
modified spring probe. Spring probes are rendered hydro- 
philic through the use of chemical agents acting to modify 
the surface of the probe or through coating the probe with a 
hydrophilic substance. In a preferred method, the lip of the 
spring probe is soaked in a 25-200 mM solution of 1,4- 
dithiothreitol, 0.1 M sodium borate for 15 min to 2 hrs. 
Dithiothreiiol reacts with gold surfaces through a thiol-gold 
coordination, which essentially hydroxylates the surface, 
making it hydrophilic. 

An arraying solution is made consisting of 56% glycerol 
and 44% water colored with blue food color. The arraying tip 
is submerged 5 mm into the arraying solution for 2 sec. The 
glycerol bearing lip is then robotically controlled to print 72 
microspots in a 12x6 grid onto a silicon wafer. The spots 
produced were approximately 100-150 microns in diameter 
with 200 micron center to center spacing between spots. 
FIG. 2 shows a CCD camera image of the grid produced. 
The standard deviation of spot diameter is approximately 
15%. 
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Example 4 

Colorimclric Detection of Arrayed Oligonucleotides. 

Template oligonucleotide (75 /d of 0.5 wg//d) (5'- hcxy- 
laminc GTCA1 ACTCO-C C1TGCTG ATCCACATCTG- 

5 '3) (SEQ ID NO: I) is reacted with 5 ;d of a 20 mg/ml 
cyanurie chloride in 20 /d of 1 M sodium borate for 30 min 
a I room temperature. From this reaction, an arraying solu- 
tion is made, which consists of 56% glycerol, 56 ng/ul 
oligonucleotide, 0.06 mM sodium borate and 0.3 mg/ml 
cyanurie chloride. The arraying lip is submerged 5 mm into 
1 the arraying solution for 2 sec. The solution bearing tip is 
then robotically controlled to print 72 microspots in a 12x6 
grid onto a polycthylcnciminc (FEI) coated silicon wafer. 
Hie spots produced are approximately 100-150 microns in 
diameter with 200 micron center to center spacing between 
spots. Following arraying, the unreacted PE1 sites on (he 
wafer are blocked with 100 mg/ml succinic anhydride in 
100% n-melbyl pyrrolinidone for 15 minutes followed by 3 
washes in water. The unreacted cyanurie chloride sites are 
blocked with 0.1 M glycine in 0.01 M Tris for 15 minutes 
wilh four washes in lens buffer (0.1 M NaCl, 0.1<& SDS, 
0.01 M Tris, 5 mM EDTA). The template oligomer is then 
hvbridized to its biotinyialed complement (5'-Biotin- 
TGTGGATCAGCAAGCAGGAGTATG-3') (SEQ ID 
. NO:2) for 20 min at 37° C. followed bv a wash in 6x Tens 
and 2x OIIS (0.06 M Tris, 2 mM EDTA, 5x Denhardt's 
solution, 6x SSC [3 M NaCl, 0.3 M sodium citrate, pll 7.0], 
3.68 mM N-lauroylsarcosine, 0.005% NP-40). Hie wafer is 
then soaked in 0.5 ^g/ml alkaline phosphatase conjugated 
strcptavidin for 15 min followed by a wash in 2x Tens, 4x 

' ' 7Vt'S (0.1 M NaCl, Q.1% Twee-n'20, 0.05 M Tris). The 
microspots are then developed using Vector Blue (Vector 
Laboratories, Burlingame, Calif.) (following kit protocol) 
and imaged with a CCD camera and microscope. FIG. 3 

35 displays the image generated. The resulting microspots have 
approximately a \S% variation in diameter and intensity 
values varying approximately 10% as determined by NIH 
Image (National Institute of Health, IJcthesda, Md.). 

Example 5 

40 Multiple Oligos Within a Single Array Element 

Two template oligos (til, 5' -hexyl amine- 
TGTGGATCAGCAAGCAGG AGTATG-3'<SEQ ID NO:2), 
#2 5 ; -hexylamine- 
ACTAC 1G ATCAGGCG CGCC rr O TlTTlTTriTT 

45 rriT-3') (SEQ ID NO:3) at 0.5 ;t&{d arc reacted seperately 
with 5 /d of 20 mg/ml cyanurie chloride and 20 /d of 1M 
sodium borate in a total reaction volume of 100 /<! for 30 
minutes al room temperature. From these two reactions, 
arraying solutions are made of 56% glyceroland diluted 

50 combinations of the two reacted oligos (see Tabic below). 
Eight arraying tips are submerged 5 millimeters into each of 
the eight arraying solutions for 2 seconds. The solution 
beariug tips are robotically controlled to print two sets of 
eight 12x6 grids each containing 72 microspots onto a 

55 polycthylcnciminc (PEI) coated silicon wafer. Each grid 
represents a single arraying solution. The spots produced arc 
approximately 100-150 microns in diameter wilh 200 
micron center to center spacing between spots. 

Following arraying, the unreacted PEI sites on the wafer 

60 are blocked with 100 nig/ml succinic anhydride in 100% 
n-methyl pyrrolinidone for .1 5 minutes wilh a 3x water wash. 
The unreacted cyanurie chloride sites are blocked with 0.1 
M glycine in 0.01 M Tris for .15 minutes with a 4x Tens (0.1 
M NaCl, 0.1% SDS, 0.01 M Tris, 5 mM EDTA) wash. Two 

65 hybridizations arc then carried out. In the first hybridization, 
one set of the eight arrayed oligo combinations is hybridized 
to the oligonucleotide, 5'-Biolin- 
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' rG' TG C r A I'CAGCA ACiCAGGAG' I A' I 'G-3'(S EQ II) NO: 2), 
which is complement ry lo oligo #L. In the second 
hybridization, the oilier set of the eight arrayed oligo com- 
binations is hybridized to the oligonucleotide (5 ! -BI01W- 

aaaaaa' 

AAAAAAAAAAAAAAGGCGCGCCTCiATCAGTAGl) 
(StQ II) N():4), which is complcmcntry to oligo #2. 'Hie 
hybridizations arc conducted simultaneously under Hybri- 
well Sealing Covers (Research Products International 
Corporation, Mount Prospect, III.) for 20 minutes at 37° C 
followed by a 6x Tens, 2x OHS (0.1)6 M Tris, 2 mM EDTA, 
5x Oenhardt's sol u lion, 6x SSC (3 M NaCI, 0.3 M sodium 
citrate, pH 7.0), 3.68 mM N-lauroylsarcosinc, 0.005% 
NJM0) wasli. Following hydridization, the wafer is soaked 
m 0.5 /ig/ml horseradish peroxidase slrepiavklin for 1 5 
minutes followed by a 2x Tens, 4* TWS (0.1 M NaCl, DM 
Tween 20. 0.05 M Tris) wash. 'Jlie microspols arc then 
developed using 0.4 rog/ml 4-mcthoxy l-naplhol (0.02% 
hydrogen peroxide, \2% methanol, PBS) with n finnl 3x 
water wash. 

The set of mixed oligos that hybridize to the complement 
of oligo #1 show the greatest color intensity for the grid 
containing the highest concentration of oligo #1 and the least 
color intensity with the grid containing the lowest concen- 
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trarion of oligo #1 . Whereas, the set of mixed oligos hybrid- 
ized to the complement of oligo #2, showed the greatest 
color intensity for the grid containing the highest concen- 
tration of oligo #2 and the least color intensity with the grid 
5 containing the lowest concentration of oligo U2 (see FIG. 4). 



10 



Aimyiog 
Solution 


ConocDiration of oli^o 23 iji 
arraying solution (ng-M) 


Concentration of oligo #2 in 
arraying solution (ngfM) 


1 


50 


0.44 


2 


28 


O.SS 




14 


I.S 


4 


7 


3.5 


5 


XS 


7 


6 


\.H 


14 


7 


0.88 


23 


8 


0.44 


56 



From the foregoing it will be appreciated thai, although 
20 specific embodiments of the invention have been described 
herein for purposes of illustration, various modifications 
may be made without deviating from the spirit and scope of 
the invention. Accordingly, the invention is not limit ed 
except as by the appended claims. 



SEQUENCE LISTING 



<I60> W UMBER OF SEQ ID NOS ; 4 

<210> SEQ ID NO: 1 
<211> LENGTHS 30 
<2l2> TYPE: DNA 

<213> ORGANISM t Artificial Sequence 
<220> FEATURE; 

<223> OTHER INFORMATION: Description of Artificial Sequence: Product of 
Solid Phase Synthesis 

<4 00> SEQUENCE: 1 

gtcatactcc tgcttgctga tccacatctg 30 



<2lQ> SEQ ID NO: 2 

<2ll> LENGTH t 24 

<212> TYPE* DNA 

<213> ORGANISM: Artificial Sequence 

<220> FEATURE i 

*223> OTHER INFORMATION: Description of Artificial Sequence: Product of 
Solid Phase Synthesis 

<i0Q> SEQUEtJCB: 2 

tgtggatcag caagcaggag tatg 24 



<210> SEQ ID NO: 3 
<2U> LENGTH : 38 
<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION i Deecription of Artificial Sequence i Product of 
Solid Phase Synthesis 

<4 00> SEQUENCE : 3 

actactgotc oggcgcgcct tttttttttt tttttttt 38 



c210> SEQ ID NO: 4 

<211> LENGTH : 39 

<212> TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
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-continued 



<220> PEATURE: 

<223> OTHER IMFORMATION: Description of Artificial Sequence t Product of 
SoJid Phnoe Synt.hefiia 



<400> SEQUEHCU: 4 

eaaaaaaaaa aaaaaaaaaa ggcqcgcctg atcagtagt 



What is claimed is: 11. iuc method oi" cither of claims 1 or 2, further 

1. A mcLhod of amplifying nucleic acid molecules from a comprising detecting the duplexes. 

template in a chamber, comprising: 12. The method of claim U, wherein the oligonucleotide 

(a) mixing single-stranded nucleic acid templates on a 15 primers arc labeled. 

solid substrate with a solution comprising an oiigo- * 13. iTic method of claim J2, wherein the label is a 

nucleotide primer that hybridizes to the templates and fluorescent molecule. 

a DNA polymerase, wherein the mixing occurs in 14. The method of claim 12, wherein the label is a tag that 

discrete areas on the substrate, and wherein the solution is detectable by n on -fluorescent spectrometry or potent iom- 

remains in the discrete areas; elry. 

(b) synthesizing a complementary strand to the template 20 *5. The method of claim 14, wherein the detection of the 
to form a duplex; la S & Dv mass spectrometry, infrared spectrometry, ultravio- 

(c) denaturing the duplex; and lcl spectrometry, or poteniostatic amperometry. 

(d) synthesizing complementary strands to the template, l6 " ^ mtlnwl of cla j ra ^J? in Ihe sequence and the 
therefrom amplifying nucleic acid molecules; % of the r first "f 00 ™ 1 ° r ribonucleotide primers is 
. . iU i • -i . • • . • ,i 2S> diflerenl for each template. 

•wherein the nucleic acid solution is in contact with the . - . r , . * • , vn , • 

. , . . 17. I ne method of claim .16, wherein the amplified nucleic 

atmosphere in the chamber, and dew point is main- ^ ^ w ior ^ de|eclion 

tamed during said mixing, synthesizing, and l8 The method of either of clairns , or 2 whefein the 

denaturing, thereby preventing evaporation of the solu- array is on a ^ sl)bS Lrate comprising a silicon wafer or 

u 011 - jo borosilicate slide. 

2. A method of amplifying nucleic acid molecule* from a ' 19. j h e method of claim IS, wherein the templates are 
template in a chamber, comprising: covalently attached to tbc solid substrate. 

(a) mixing single-stranded nucleic acid templates on a 20. The method of claim 19, wherein the attachment is 
solid substrate with a solution comprising a first oil- through a polyethylene inline linkage. 

gonucleotide primer that hybridizes to the templates, a y$ 21. The method of claim 2, wherein the oligonucleotide 

second oligonucleotide primer that hybridizes to a " primer pairs each have a different sequence, 

complementary strand of the template, and a DNA 22. The method of either of claims I or 2, wherein the 

polymerase, wherein the mixing occurs in discrete template is uniformly applied to the entire array prior to 

areas on the substrate, and wherein the solution remains mixing. 

in the discrete areas; 23, The method of cither of claims 1 or 2, wherein the 

(b) synthesizing a complementary strand to the template ^ template is applied individually to each discrete area on the 
to form a duplex; * substrate. 

(c) denaturing the duplex; and 24 ' ^ nicrhod of daini whcrein the ^^"S is 

(d) ^^^.^^^^ the template "SSTjA claims 1 or 2, wherein an 
and the complementary strand of the template, there- 4s . , . . , iU , • . 

1- -i 1 1 * apparatus is used to control the dew point, 

ttomamphfyingnuclcccul molecules: 26. A method of synthesizing a nucleic acid molecule 

wherein the solution is in contact with the atmosphere in r n „ „ . „ 

, . . . •.•!»• • « from a template, comprising: 

the chamber, and dew point is maintained during said , v . . , . , , . ... , 

mixing, synthesizing, and denaturing, thereby prevent- & smglc-tframled ouclcc ac.d templates on a 

.• e-Tu i solid substrate with a soluuon comprising an oiigo- 

3LS3?^2tal or2 ? wheremsteps(c) " ^ * * 

and (d) are performed multiple limes. a DNA polymerase, whcrc.n die nimng occurs in a 

4. iL method of claim 3 wherein steps (c) and (d) are dlscrctc aTC f. of t aD arra * a " d whcrC,n lhc *° ,uUon 
performed from about 10 to about 25 times' * ma f ! n d,screte >™> and 

5. The method of either of claims 1 or 2, wherein the 55 < b > synthesizing a complementary strand to the template 
solution contains a compound lhal confers viscosity. to '" rrn a m, P ,cx » 

6. The method of claim 5, wherein the compound is wherein mixing and synthesis are performed at dew point, 
glycerol or a sugar. wherein dew point is achieved by an apparatus, compris- 

7. The method of claim 6, wherein the compound is ing: a container capable of being pressurized; a heating 
glycerol. 60 device; a means for generating pressure; and a means 

8. The method of claim 6, wherein the compound is a f«r generating saturated steam; 

sugar. wherein the healing device, pressure generating means, 

9. The method of either of claims 1 or 2, wherein the DNA and steam genearting means are controllable, 
polymerase is a thermostable polymerase. 27. A method of delecting a single base altera lion in a 

10. The method of either of claims 1 or 2, wherein 65 nucleic acid molecule, comprising: 

synthesis and denatu ration arc performed ni different tern- (a) mixing single-stranded nucleic acid molecules on a 

peiaturcs. solid substrate with a solution comprising a first ami a 
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second oligonucleotides that hybridize to the nucleic 
acid molecule* and a UNA ligasc, wherein ihe mixing 
occurs in a discrete area of an array, and wherein the 
.solution remains in Ihe discrete areas; and 
(b) delecting a ligation product; 

wherein the first and second oligonucleotides will not 
ligate when there is a single base altera tiou at the 
junction base on the nucleic acid molecule, pi mixing 
is performed at dew point, 

wherein dew point is achieved by an apparatus, compris- 
ing: a container capable of being pressurized; a heating 
device; a means Tor generating pressure; ami a means 
for generating saturated steam; 

wherein the healing device, pressure generating means, 
and steam generating means are controllable. 

2S. A method of performing single nucleotide extension 
assay, comprising: 

(a) mixing oligonucleotides on a solid substrate with n 
solution comprising single-stranded nucleic acid mol- 
ecules that hybridize to Ihe oligonucleotides, a single 
nucleotide, and a DNA polymerase, wherein the mixing 
occurs in discrete areas of the substrate, and wherein 
the solution remains in discrete areas; and 

(b) detecting au extension product of the oligonucleotide; 
wherein the oligonucleotide will be exiended only when 

the single nucleotide is complementary to the nucle- 
otide adjacent to the hybridized oligonucleotide, 
wherein mixing is performed at dew point, 
wherein dew point is achieved by an apparatus, compris- 
ing: a container capable of being pressurized; a heating 
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device; a means for generating pressure; and a means 
for generating saturated steam; 
wherein the heating device, pressure generating means, 
and steam generating means are controllable. 
5 29. ? rhe method of claim 26 wherein step (b) is performed 
multiple times. 

30. The method of claim 26 wherein the solution contains 
a compound that increases the viscosity of the solution. 
0 31. The method of claim 30 wherein Ihe compound is 
glycerol or a sugar. 

32. The method of claim 30 wherein the array is located 
on a substantially flat surface of a substrate. 

33. The method of claim 32 wherein the substrate us glass. 
■J5 34. The method of claim 27 wherein the solution ei>nt ains 

a compound that increases the viscosity of the solution. 

35. The method of claim 34 wherein the comjx>und is 
glycerol or a sugar. 

36. The method of claim 27 wherein the nucleic acid 
20 molecules form an array on the sul>slrale, and the array is 

located on a substantially fiat surface of the substrate. 

37. The method of claim 36 wherein the substrate is glass. 

38. ITie method of claim 2$ wherein the solution contains 
a compound that increases the viscosity of the solution. 

25 39. The method of claim 38 wherein the compound is 

glycerol or a sugar. 

40. The method of claim 28 wherein the oligonucleotides 

form an array on the substrate, and the array is located on a 

substantially flat surface of the substrate. 
3d 41 . The method of claim 40 wherein the substrate is glass. 

***** 
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METHOD OK GENERATING NUCLEIC ACID Hlois, and in colony and plaque hybridization assays. These 

OLIGOMERS OF KNOWN COMPOSITION methodologies are widely used in ihc isolation and cloning 

of specific nucleic acids, and the diagnosis of disease caused 

CROSS-REFERENCES TO RELATED by pathogeus and genetic mutations (Bereut et al., 

APPI JCA'HONS 5 IHoTeehniques, Issue of May/June 1 985, pages 208-20; and 

J. Sambrook, E. F. Friisch, and T. Manialis, Molecular 

This applicaiion is a continuation-in-part of VS. appli- Cloning, A Laboratory Manual, Cold Spring M arbor I jbo- 

cation Ser. No. 09/0.18,248 riled Feb. 3, 1998. ratory Press, Cold Spring Harbor, New York, 1989, Chapter 

11). After detection of labeled probes on a hybridization 

MELD Ol' THE INVENTION filter, it is a common practice to expose the hybridization 

. .. , . , - ... ,. filter to denaturing conditions such as solution of low iouic 

Inis invcniicn pertains to a method for providing oligo- , . . . * . , , . . . . , 

mers of known subunit sequence which hybrids specif,- sl ™* lb ™ d h, f h *<**'*™> J? «** '« ****** 

n . hma i t>m a u - i . i .-i mng piobc molecules irom the filler, milking the filler ready 

cally lo DNA and RNA having complementary nucleotide - or . . ... . ..... . .... , 

„ * - . . . . • , , , r for re-nybndizaiion with a dilterem hybridization probe 

sequences, m which the desired oligomers are released from „ ' . r tx XT a i «m-a V e L T * 

i t . -, . . Z . . .. . (Prolocols for DNA and RNA Transfer, DNA 

selected storage sites on a substrate by locallv denaturing 15 \. . . r . n . • t r . n- i a xr i 

i i « , j , . - . - . . Electron- ansler, and Protein Transfer to Biodyne A Nylon 

double-stranded complexes av the storage sites containing , , s llTlli a ~ . ■ r - . 

1 „_ • j v , Membranes, PaUUItrahnc Filtration Corporation, East Hills, 

the desired oligomers- Inc released oligomers are ollgo- |o$5 )a e 14) 

nucleotides or oligonucleotide analogs, and arc useful io '* .* * P a ^ e , . _ . , _ 

schemes for determining solutions to mathematical ?** ^nucleotides ol defined sequent are used as 

problems, in methods wherein hybridizing oligomers are 20 pnmcrs for polymerases in polynucleotide synthesis and in 

used to encrypt and transmit data/in diagnostic and screen- Qucleic * Cld amplification for example, by the polymerase 

irtg assay methodologies, and as primers or building blocks < hain ? ™>™ brhch > «^»o|ogy ? Stockton 

for synthesizing larger polynucleotides. The present inven- l^ss New York, 1989, in entirety). Sets of oligonucleotides 

tion also features providing oligomers having desired sub- f d f nned «q«ncc are also used as probes of macrorao- 

unit sequences from a device comprising a substrate sup- 25 lecul * r structure, and are screened to identify oligomers 

porting an arrav of oligo mer-sloring depot sites made by a which, »* * ntu *™* n 0X aS ^P 1 **"* oim ! n * 

novel method for the synthesis of DNA arrays which utilizes oligonucleotides bind specifically to a native target nucleic 

local melting of hybridized DNA and produces a set of *** a f a folded mRNA molecule (see for example, 

substrate-attached oligomers of known subunit sequence. ^lner et al Nature Biotc<*nol^y 1 987, Vol. 15, pages 

'Die present invention has applications in the fields of M ^7-41; and U.S. Pal. No. 5,176,996). 

molecular computation, biochemistry, molecular biology, More recently, ohgomicleotidcs have been immobilized 

pharmacology, medical diagnostic iechnology, and data or synthesized in micro-arrays on solid supports ot material 

cncrypiioo and transmission. sucb as £ lass or Si °2 "DNA chips" pn*luced 111 this manner 

are useful for detecting or capturing multiple nucleic acid 

BACKGROUND OF THE INVENTION 35 targets, for determining the nucleic type sequence of a target 

nucleic acid, for simultaneous analysis of the expression of 

All publications and patent applications herein are mcor- thousands of genes, large scale gene discovery, DNA poly- 

porated by reference, fully as il each individual publication morphisrn screening, and mapping of genomic DNA clones, 

or patent application was specifically and individually indi- and arc wcU suitcd for ^ ifl mcdica| diagl]OSl i c assays lbr 

calcd to be incorporated by reference. ^ del€clian of pa ibogen infection and genetic mutation (for 

Various strategies for finding solutions to mathematical example, see U.S. Pal. No. 5,445,934; U.S. Pat. No. 5,503, 

problems have been devised which use sets of DNA oligo- 980; U.S. Pat. No. 5,605,662; Caviani-Peasc et al., 1994, 

nucleotides having selected length and sequeuce properties. PNAS, Vol. 9t, pages 5022-6; and reviews by Ramsay, 

For example, DNA -based methods are developed for solv- 1998, Nature Biotechnology, Vol. 16, pages 40-44; and 

ing a Hamillonian path problem (Adleman, Science, 1994, 45 Marshall el al., 1998, Nature Biotechnology, Vol. I6 ? pages 

Vol. 266, pages 1021-3), a "satisfaction" problem (Upton, " 27-31). 

Science, 1995, Vol. 268, pages 542-5), and for performing et a i. (U.S. Pat. No. 5,445,934, col. 3-21, 23-32) 

addition (Guamicri et al„ 1996, Science, vol. 273, pages describes photolithographic solid-phase synthesis of arrays 

220-223) and matrix multiplication (Oliver, J. Molecular of oligomers, including arrays of oligonucleotides of known 

Evolution, 1997, Vol. 45, pages 161-7 ) of uoo-negativc 50 nucleotide sequence. The oligomer arrays are synthesized on 

numbers. Each computation requires a set of oligonucle- a subsiratc by attaching photo-removable groups to the 

otides having properties tailored lo the problem lo be solved. surface of a substrate, exposing selected regioas of the 

Thiis, a rapid and efficient method for providing custom sets substrate to light to activate those regions, and attaching 

of oligonucleotides having selected sequence and length monomeric summits with photo-removable groups to the 

properties is essential for efficient appl ication of DNA-based 55 activated regions. The steps of photo-activation and attach- 

computalion methods. ment can be repeated until oligomers of desired length and 

Ihc present ability to detect oligonucleotides that are sequence are synthesized. According lo Ihe current slate of 

bound in a sequence-specific manner lo discrete sites of a the art pertaining to the photolithographic synthesis of 

hybridization array permits ihe use of oligonucleotides lo polynucleotide arrays, I here is only a 92-94% chance that a 

encrypt and transmit data; a use which, like nucleic acid ^ new nucleotide will be incorporated where desired (McGall 

computation, requires numerous custom sets of oligonucle- et al., J. Am. Chem. Soc., .1997, vol. 119, pages 5081-90). 

otides having partial la r sequences and hybridization prop- Current technology thus imposes certain constraints on the 

cnics. possible array configuration, such as a practical upper limit 

Oligonucleotides ate also used as hybridization probes to on the number of nucleotides of approximately leu. 

detccf specific nucleic acid sequences in DNA and RNA 65 McGall et al. (U.S. Pat. No. 5,412,087, col. 4-20) 

samples immobilized on a variety of filter and solid describes substrates with surfaces to which are attached 

supports, as in DNA and RNA Dot, Southern, and Northern compounds having a thiol functional group protected by a 
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phot (V removable protecting group, which compounds can 
be used to construct arrays of immobilized anii-ligands,such 
as oligonucleotide probes. 

Heller el al. describe a "master" DNA chip comprising a 
controllable, integrated array of micro-electrodes, and 
teaches denaturing double -stranded complexes comprising 
oligonucleotides at selected sites by increasing the negative 
potential and by use of chemical dena I u rants, in a process in 
which the oligomers hybridized at the selected sites are 
transferred to, or "printed" onto, another chip (U.S. Pat. No. 
5,605,662, coL 20, lines 16-39). 

DNA oligonucleotides of defined .sequence can also be 
used as structural components of an electronic computer 
chip (Hollenberg el al., U.S. Pal. No. 5,561,071). 

As is apparent from the preceding discussion there are 
numerous computational, data transmission-related, 
molecular biological, biochemical, and diagnostic applica- 
tions which require the use of sets of oligonucleotides or 
oligonucleotide analogs of defined sequence and length. 
There currently is a need for a method for rapidly and 
efficienUy providing the various combinations of oligomers 
required for applications such as those discussed above. 

BRIEF SUMMARY OF THE INVENTION 

Presented here is a rapid and efficient method for provid- 
ing a selected set of oligonucleotides and/or oligonucleotide 
analogs comprising known subunit sequences. The method 
comprises the steps of 

a) obtaining a device for storing and providing oligomers 
comprising a substrate that supports iin array of oligo- 
mer depots; 

wherein each depot comprises a surface to which are 
atLached a plurality of oligonucleotides and/or oligo- 
nucleotide analogs having a selected subunit sequence; 

wherein the subunit sequence of the oligomers attached to 
at least one of said depots is dillercnl from the subunit 
sequence of the oligomers attached to a different depot 

, of said array; and 

wherein oligonucleotides and/or oligonucleotide analogs 
comprising selected subunit sequences arc stored at a 
plurality of depots of said array by being hybridized by 
Watson-Click pairing to the oligomers attached to the 
surfaces of said depots to form double-stranded com- 
plexes; 

b) locally denaturing double -stranded complexes of al 
least one selected depot of the intact array to release 
oligomers stored therein, without effecting significant 
dena hi ration of double-stranded complexes of the nnse- 
lecled depots of the array; and 

c) collecting the oligomers released as a result of locally 
denaturing double -stranded complexes of said at least 
one selected depot. 

1 "he substrate that supports the array of oligomcr-storing 
depots can be flexible, e.g., a nylon filter, or it can be of a 
rigid material such as Si0 2 in a ON A chip. 

'Ihe array of depot sites may consist of from 2 to 10 7 
delimited areas wherein as many different types of oligo- 
mers are stored. The diameter of the area of each oligomer 
depot surface to which oligomers are attached can range 
from about 1 micron to 1 centimeter or more. Using known 
methods and currently available technology, one skilled iu 
the an can readily fabricate an array of depot sites which are 
5-10 microns iu diameter, in which array the array density 
is about 10* depot sites per cm 2 . 

Oligomers comprising a selected subunit sequence can be 
attached at a depot site directly to the area of substrate 
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surface delimited by Ihe depot boundaries, or they may be 
attached to the surface of a separate layer of material that is, 
in turn, attached to the substrate surface at the depot site. 
Oligomers are attached to their respective depot sites 

5 using protocols known by ihosc skilled in the art for attach- 
ing oligomers to a substrate so that the attached oligomers 
arc able to hybridize efficiently with nucleic acids compris- 
ing a complementary nucleotide sequence. 

J lie oligomers of known sequence attached to the array of 

to depot sites can be synthesized by methods for synthesizing 
oligonucleotides and oligonucleotide analogs which are 
known to thirst skilled in the art. For example, they can be 
synthesized in situ on the supporting substrate, e.g. by 
photolithographic methods, or they can be pre -synthesized 

15 and deposited at the depot site, e.g. by micTopipcttc,, for 
chemical attachment. 

The present invention also features a method wherein the 
oligomers of known subunit sequence that are attached to 
the array of depot sites are synthesized by a novel method 

20 which uses local melting of hybridized DNA, DNA Kgasc, 
and a restriction enzyme. 

In all of the procedures involved in storing and releasing 
selected oligomers according to the present invention, ihe 
depot surfaces to which oligomers are attached are 

25 immersed in, or in contact with, buffered solutions of 
composition suitable for the biochemical or molecular bio- 
logical operations being carried ouL 

Depot sites within the array are thermally insulated and/or 
physically separated from each other so that denatu ration of 

_*o double-stranded oligoiuer complexes at the selected depots 
does not cause dena titration of double-stranded complexes at 
the non-selected depots. 

A collection of soluble oligomers of known composition 
is obtained by locally denaturing double-stranded com- 

y$ plexes of the depots of the intact array comprising the 
desired oligomers, to yield the desired single -stranded oli- 
gomers in quantity related to the lime and extent of the 
denaturing treatment. The oligomers are then collected in the 
buffer solution in which the array Is immersed, for use in 

40 whatever application is contemplated. 

A storage device comprising l(f storage depot sites is 
able to store every possible oligomer 10-mcr sequence (4 J0 
is approximately equal to 1.0x1 0 6 ). Using a storage device 
comprising about 10° depot sites and storing every possible 

45 10-mer, it Is possible, with the present invention, to rapidly 
provide primers or hybridization probes that are complimen- 
tary to sites in aoy target nucleic tic id. Also using such a 
storage device according to the present invention, a primer 
or hybridization probe of length greater than 10 subunits can 

50 be obtained rapidly by providing a set of oligomers of 
selected subunit sequence which, when ligated end-lo-end, 
produce the desired longer polynucleotide. 

Suitable applications for which oligomers can be provided 
according to the present invention include, but are not 

55 limited to. nucleic acid computation, nucleic acid 
amplification, polynucleotide synthesis by primer extension 
or by ligating oligonucleotides together end-to end, nucleic 
acid hybridization tor detection or isolation of i target 
nucleic acid, and data encryption and transmission. 

60 The present invention olTers the advantages of rapidly and 
etlkicndy providing diverse, custom sets of oligomers, as 
needed, from a compact and easily accessed storage device. 
The invention is particularly advantageous for nucleic acid 
computation, and for encryption and transmission of data iu 

65 the form of selected sets of hybridizing oligomers, since 
numerous sets of different, oligomers having particular 
length and sequence properties are needed for both of these 
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lech no log icR;, and these can be provided wilh facility by the 
present invention. 

BRIEF DESCRIPTION OP THE FIGURES 

FIG. 1. schematically represents an oligomer-storing 
device couiprisiug a substrate (1) supporting an array ol" 
oligomer depot sites (2). The dorted line indicates the section 
giving the view shown in FIG. 2. 

FIG. 2 schematically represents a cross-section through a 
row of depot siles of the oligomer-storing device shown in 
FIG. 1, for whieh the substrate (1) is a transparent substrate. 
A preferred embodiment of the present invention is shown 
wherein localized heating of a selected depot (3) is achieved 
by using a source of radiant energy (4) tc irradiate the 
selected depot site through the transparent substrate (1) to 
release the desired single-stranded oligomers (5). 

FIG. 3 schematically illustrates the seven bassic steps of 
the disclosed ligat ion/restriction-based method for synthe- 
sizing an oligonucleotide array in which e strands are 
hybridized to y strands in step 3. The steps are described in 
detail below. 

FIG. 4 schematically illustrates an alternative method for 
hgatiorj/restrielion-based synthesis of an oligomer array 
wherein protective o strands are hybridized to the y strands 
in those portions of tbe DNA-covered substrate where 
nucleotide addilion is not desired. 

FIGS. 5A and 5H schematically illustrate a method in 
which selected DNA oligonucleotides are released from an 
oligomer storage device (FIG. 5 A), and are ligated together 
to make a longer DNA molecule (FIG. SB). 

DETAILED DESCRIPTION OF THE 
INVENTION 

"litis invention features methods wherein custom sets of 
oligonucleotides and/or oligonucleotide analogs having 
selected subunit sequences are rapidly and efficiently pro- 
vided by their controlled release from depot sites of an 
oligomer storage device. 

The practice of the present invention will employ, unless 
otherwise indicated, conventional techniques of chemistry, 
biochemistry, molecular biology, recombinant DNA, and 
medical diagnostic technology, which are within the capa- 
bilities of a person of ordinary skill in the art. Such tech- 
niques are explained in the literature. See, for example, 
Sauibrook ct al, 19S9, Molecular Cloning: A Laboratory 
Manual, Second Edition, Books 1-3, Cold Spring Harbor 
Laboratory Press; B. Roc. J. Crablree, aud A. Kahn, 1996, 
DNA Isolation and Sequencing: E<«entinl Techniques, John 
Wiley & Sons; J. M. Polak and James O'D. McGee, 1990, 
In Situ Hybridization: Principles and Practice; Oxford Uni- 
versity Press; M. J. Gait (Editor). 1984, Oligonucleotide 
Synthesis: A Practical Approach, IRL Press; aud, D. M. J. 
Lilley and J. E. Dahlberg, .1992, Methods of Enzymology: 
DNA Structure Part A: Synthesis and Physical Analysis of 
DNA Methods in Enzymology, Academic Press. Each of 
these general texts are herein incorporated by reference. 

Unless defined otherwise, all technical and scientific 
terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which this 
invention belongs. Although any methods and materials 
similar or equivalent to those described herein can be used 
in the practice or testing of the present invention, the 
preferred methods and materials are described. 

Nucleic Acid Oligomers • 

The brief summary of DNA and RNA which follows is not 
meant lo be exhaustive of the subject, but merely to provide 
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a general framework for understanding the present inven- 
tion. A more complete description of DNA and RNA tech- 
nology is available in a number of texts, including: J. D. 
Wilson, M. Oilman, J. Witkowski, and M. Zollcr, 1992, 
* "Recombinant DNA' 1 , Second Edition, Scientilie American 
Books; and, B. Lcwin, 1997, "Genes VI", Oxford University 
Press. Each of these general texts are herein incorporated by 
reference. 

As set forth above, the present invention relates to nucleic 

)0 acid biochemistry and molecular biology. Genetic informa- 
tion is stored, transmitted, and expressed by nucleic acids, 
DNA and RNA, which are constructed of nucleotide sub- 
units. In general, oligonucleotides arc linear sequences of a 
few nucleotides (the Greek-derived prefix oligo- indicates "a 
few"), while linear sequences of many nucleotides are called 

15 polynucleotides (the Greek-derived prefix poly- indicates 
"many"). The choice of whether to refer to a nucleic acid of 
a given number of nucleotide subunits as a polynucleotide or 
as an oligonucleotide is arbitrary. Oligomers are linear 
sequences of relatively few subunits. A number followed by 

20 the sufiix -mer refers to an oligomer of the indicated number 
of nucleotide subunils. For example, an oligomer that con- 
tains 12 or 17 bases is referred to as a 12-mer or as a J 7-mer, 
respectively. Each nucleotide contains a phosphate group, a 
sugar moiety, and either a purine or pyrimidine base. The 

25 sugar of DNA is deoxyribose while the sugar of RNA is 
ribosc. Nucleosides consist of a purine or pyrimidine base 
attached Lo rilwse or deoxyribose. Polynucleotides and oli- 
gonucleotides each consist of a linear sequence of nucle- 
otides of DNA or RNA in which the 3' position of the sugar 

30 of one nucleotide is linked through a phosphate group lo the 
5' position of the sugar on the adjacent nucleotide. Ligation 
is the formation of the phosphodiester bond which joins the 
adjacent nucleotides in the same nucleic acid chain. Two 
purine bases and two pyrimidine bases are found in both 

35 DNA and RNA. The purines adenine (A) and guanine (G) 
and the pyrimidine cytosine (C) occur in both DNA and 
RNA. However, thymine (T) only occurs in DNA and uracil 
(U) only occurs in RNA. The nucleotides of DNA are 
deoxyadenylic acid, thymidylic acid, deoxyguanilic acid, 

40 and deoxycylidylic acid, while the corresponding nucle- 
otides of RNA are adenylic acid, uridy lie acid, guanylic acid, 
and cyiidylic acid. The sugar-phosphate backbones are on 
the outside of the DNA molecule and the purine and pyri- 
midine bases are on the inside, oriented in such a way that 

45 they can form hydrogen bonds to bases on opposing chains. 
Adenine (A) can pair only with thymine (T), while guanine 
(G) can bond only with cytosine (C). Hybridization is the 
process by which two complementary RNA and DNA 
strands pair to produce an RNA-DNA hybrid, or by which 

50 two complementary DNA single sLrands pair to produce a 
DNA — DNA hybrid, also known as double-stranded DNA. 
Universal base analogues or universal nucleotides are 
capable of hybridizing with any one of the four DNA 
nucleotides (Nichols el al., Nature, 1994, \W. 369, pages 

55 492-3; and Loakes et al., Nucleic Acids Research, 1994, 
Vol. 22, pages 4039-43). An example of a universal base 
analogue is 5-Nitroindole (Loakcs el al., Nucleic Acids 
Research, 1994, vol. 22, pages 4039-43). 

As used herein, the term oligomers refers to RNA or DNA 

$0 oligonucleotides, RNA or DNA oligonucleotide analogs, or 
a combination of RNA and/or DNA oligonucleotides and 
RNA and/or DNA oligonucleotide analogs, which can be 
attached to the storage device depot sites, or which can be 
stored by being hybridized lo oligomers attached lo the 

65 depot sites. 

Depending on the purposes for which the oligomers are to 
be used, the RNA or DNA oligonucleotide analogs can be 
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oligomers in which from one 10 all nucleotide summits arc 
replaced with a nucleotide analog to confer desired proper- 
ties such as detectability, increased hybridization affinity, 
resistance to degradation by nucleases, or the ability to 
covalently modify a target nucleic acid. Such oligonucle- 
otide analogs include but are not limited to oligomers 
comprising 2*-0-alkyl ribonucleotides, phosphorothioale or 
mcthylphosphonate iniernuclcotide linkages, peptide 
nucleic acid subunits (see U.S. Pal. No. 5,714,331, in 
entirely), and nucleotides modified by attachment of 
radioactive, or fluorescent groups, groups which intercalate, 
cross-link or cleave a nucleic acid, or groups which alter the 
electronegativity or hydrophob icily of the oligomers. Meth- 
ods for making and using oligonucleotides and oligonucle- 
otide analogs such as those listed above are well known to 
those skilled in the art of making and using sequence- 
specific hybridizing oligomers. 

The sizes of the oligomers attached to the depot site 
surfaces, and of the oligomers stored at the depots, can range 
from about 4 summits to 1000 or more subunits in length. 
The stored oligomers can be longer, shorter, or the same 
' length as the attached oligomers. Oligomers having different 

lengths, and oligonucleotide analogs having different chemi- 
cal structures and properties, can be stored in different 
depots of the same array. Those skilled in the art appreciate 
that oligomer hybridization specificity and aUinity ate 
determined, in part, by the length and chemical structure of 
the oligomer, and are able to select the structural parameters 
of the oligomers attached to, and stored in, the depots of the 
oligomer-storiiig device that are appropriate for their 
intended use. For example, the subunil sequences of the 
attached and stored oligomers can be selected so that they do 
not comprise self-complementary sequences that stabilize 
folding of said oligomers into hairpin structures which 
interfere with formation of inter-slrand duplexes. 
Additionally, the subuuit sequences of the attached and 
stored oligomers can l>e selected so that the melting tem- 
peratures (Tm) of the double-stranded complexes formed by 
hybridization of the complementary portions of the attached 
and stored oligomers at all of the depots of the array are 
within a selected range, e.g., in the range of a selected Tm 
plus or minus about 5 degrees C, for more efficient control 
of oligomer storage and release. 

The Oligomer Storage Device 

A central feature of the present invention is that the 
desired set of oligomers is provided from an oligomer 
storage device comprising a substrate (for example, see (1) 
in FIGS. I and 2) supporting an arroy of oligomcr-storing 
sites, referred to herein as depots. The substrate can have a 
flat surface that supports the array, or it can be distributed in 
three dimensions, such as in a gel, a fibrous or granular 
matrix, or in a porous solid. By depot is meant a site at which 
oligomers are stored comprising a delimited area or volu me 
thai is part of or attached to the supporting substrate, to 
which arc attached hybridizing oligomers comprising a 
selected subunil sequence (lor example, see (2) in FIGS. 1 
and 2). A depot site can have auy size, shape, or volume, 
consistent with the objective of ihe invention of storing and 
selectively releasing oligomers as needed. By array is meant 
an arrangement of locations in or on the oligomcr-storing 
device. 'I "be locations can be arranged in 2- or 3- dimensional 
arrays, or other matrix formats. FIG. .1 shows a 
2-dimensioual 4x5 array of depots on a supporting substrate. 
The number of locations in the array can range from 2 to 10 7 
or more. It is within the knowledge of those skilled in the art 
to fabricate a rigid substtale supporting an array of oligomer 
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depot sites Ihnl can range in diameter from about 1 micron 
to 1 centimeter or more (see U.S. Pat. No. 5.41.2,087, col. 8, 
lines 50-68; U.S. Pat. No. 5,445,934, col. 9, lines 10-18; 
and Ramsay, Nature Biotechnology, vol. 16, p. 40, 1998). 

5 All of the depol sites of a given array can have the same 
diameter, or a single depol array can comprise depol sites 
having different di ameicrs. The preferred method of the 
present invention features storing about 10* to 10 7 diilcrcnl 
types of oligomers of about 8 to 30 subunits in lenglh in a 

l0 micro-array of thermally isolated depot sites on a rigid 
substrate. 

A substrate which is suitable for supporting immobilized 
nucleic acids for hybridization analysis can, in general, be 
adapted for use as an oligomer storage device of Ihe present 

15 invention. Accordingly, a variety of different designs and 
materials are available lor preparing the oligomer storage 
device of the present invention. For example, the storage 
device may be a flexible filter, e.g., of nylon or 
nitrocellulose, or it may be of a rigid material such as silica, 

20 silicon, glass, crystalline Al 2 0 3 ("synthetic sapphire 3 '), 
beryllium oxide, or a solid substrate coated with a noble 
mcuil such as gold. Methods for making such substrate 
supports for hybridizing oligomers are well known to those 
skilled in the art. (See U.S. Pat. No. 5,412,087, col. 6, lines 

7 - 1-39; U.S. Pat. No. 5,445,934, col. 1 1, lines 49-63; Ramsay, 
Nature Biotechnology, vol. 16, pages 40-41; Dnnanacet al., 
Genomics, 1989, vol. 4, pages 114-128; Mirkin el al, 
Nature, vol. 382, pages 607-609, 1996; R. Corn, DNA 
Computing Overview, last modified Mar. 13, 1998, <http:// 

Vj www. corninfo.chem.wisc.edu/wrilings/DNA 
overview.html>). 

The oligomers attached at the depot sites can be attached 
directly to the surface of the substrate, or to the surface of 
a pad or pcdcstal-like structure that is in itself attached lo the 

55 substrate, which pad or pedestal -like si met lire can be of 
material that is the same or different from that of the 
substrate. FIG. 2 shows oligomers allached to a depol site (2) 
comprising a pad comprising three different layers ((10), 
(11), and (12)) affixed to a rigid transparent substrate (1). 

40 Hie depot surface to which the oligomers are allached enn 
be located on a raised fealure or in a well-like depression on 
the surface of the supporting substrate. 

Methods for making arrays comprising oligomers 
attached lo depot sites to produce oligomcr-storing devices 

45 for the present invention are well known. Such methods 
include in situ synthesis of oligomers attached al l heir 3' 
ends to a functionalized surface such glass, Si0 2 , or GaAs 
(for example, see U.S. Pat. No. 5,445,934, col. 23. line 3, lo 
col. 25. line 18; U.S. Pat. No. 5,412,087, col. 4, line 67 to 

50 col. 10, line 35; U.S. Pat. No. 5,605,662, col. 17, lines 
21-63). Alternatively, pre -synthesized oligomers can be 
chemically attached to the substrate, e.g., by derivatiziog the 
oligomers or the attachment surface, and ihen depositing 
microdroplels of the oligomers at the appropriate depot sshes 

55 and allowing ihe oligomers to rcaci wilh the depol sile 
surface, or by attaching biotinylated oligomers lo a 
streptavidin -coded surface (see U.S. Pat. No. 5,503,980, col. 
13, lines 2-9; U.S. Pat. No. 5,412,087, col. 1, line 18 to col. 
3, line 13 and col. 6, line 21 to col. 10, line 35; Marshall et 

60 al., Nature Biotechnology, vol. 16, pages 27-29, 1998; and 
Mirkin et al., Nature, vol. 382, pages 607-609, 1996). 

A preferred mode of aiiachmcui of oligomers to depot 
surfaces for use according to the present invention is to use 
uncharged spacer groups ((6) in HG. 2) to tether the 

65 oligomers to ihe depot surface (U.S. Pat. No. 5,445,934, coL 
I I , line 49, to col. 13, line 45; Caviani-Peasc et al., P.N.A.S., 
1994, vol. 91, pages 5022-24), as the use of such spacer 
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groups is known to increase hybridization efficiency The synthesis of DN A strands according lo the invention 

(Marshall el al., Nature Biotechnology, 1998. vol. 16. page is illustrated as follows, referring to FIGS. 3 and 4 in 

29). embodiments io which the duplex a-p oligomers are 

0 .,„ lW - . ^ nK attached to and uniformly cover a substrate. One possible 

Enzymatic Synthesis ol Oligomers in situ , f , - r t ,. , / /1V m 

J * s s substrate is comprised ol a water or Si covered by (1) a 

An additional and novel method for making a substrate- ' ihcrmajly-insulatiog I /an thick layer of vSiCK. (2) a heal 

supported array of oligomer depot sites which can be used absorbing 0J5 /mi thick layer of amorphous Si and (3) a 05 

as an oligomcr-storing device for the present invention is itm xhick Iaver 0 f S i<)„ upon which to anchor the DNA 

described as follows. A double-stranded UNA coasisting of O ij goliwrs (j5tc e lcments'(10), ( Li), and (12), respectively, in 

an a strand and a complementary p strand, denoted a- P Hf j 2 ). The substrate mav be patterned into 10 /anxlO/mi 

(alpha-beta), ,s synthesized by a faiown method I of o igo- k ro ^ define and'thermallv isolate the identifiable 

nuc eohde synt.^s M J C«H (Alitor) 1984, Ohgo- ( of ^ ^ ^ ^ ^ d lcX ^ 

nucleotide Synthesis: A Practical Approach. IRL Press). One r*x»» • u i . ,u u*. t„ v 

to four or more unpaired nucleotides at the phosphorated 0 , l & omcr " anchored » lhc f ™ " * ^ *** ^ 

5' end of the a strand extend beyond the 3'-hydroxyl- onc " > lour , OT m0 ? ^D^oUd<» at lis phosphory- 

tcrminated end of the complementary 0 strand as a single- u ia i cd 5 cml t exlend ^Mpnd the 3 -hydroxyl-termmaied end 

stranded structure thai is referred lo as a "sticky end," of ^ complementary p strand to form a stjeky end. In a 

because it can hvhridize to another single-stranded nucleic preferred embodiment, the Si subslraLe is replaced with a 

acid having a complementary nucleotide sequence. The substrate of transparent crystalline Al 2 0 3 to allow back 

sticky 5' ends of the a strands are the sites where new illuininatiou of Ihe desired depots, thus protecting the DNA 

nucleotides are added to the desired oligonudeoi ides being 20 from direct exposure to the laser radiation. Steps of 

synthesized. Alternatively, the orientation of the strands of ~ hybridization, ligation, heating to melt desired portions of 

the duplex it-p oligomer with respect to the sticky end may the duplex DNA complexes, and elenvage by restriction 

be reversed, although suitable restriction enzymes needed in enzyme, are carried out in suitable bulTered solutions for 

the nucleotide addition step discussed below arc more rare these reactions which are well known to those skilled in the 

in this case. New nucleotides may be added to the duplex 25 art Sambrook et al. and the other previously cited 

u-p oligomers in a reaction in which the o>p oligomers are references teaching biochemical and molecular biological 

free in solution, or are attached to a substrate, as shown in methodology). In embodiments in which DNA molecules 

FIGS. 3 and 4. are synthesized ou a substrate, the DNA-covered substrate is 

In one embodiment, a substrate is uniformly covered with immersed in suitable buffer during each reaction step of the 

duplex u-[3 oligomers, the DNA-covcrcd surface is divided 30 msthod. 

into local regions referred to as depots, and a different Step (1): A set of single-stranded y (gamma) DNA oligo- 

oligonucleotide sequence is synthesized in each depot. The mers is prepared having phosphorylated 5' ends, and in 

duplex a-p DNA molecules nre synthesized and attached to which the nucleotide sequences at the 5' ends are randomly 

the substrate using known protocols; for example, a oligo- varied so that individual members of the set of y strands can 

mers can be synthesized in situ ou the substrate by a 35 hybridize with every possible a strand sticky end. The set of 

photolithographic method, and p oligomers can be synthe- Y oligomers is allowed to hybridize with lhc 5* sticky ends, 

sized by routiue chemical methods and hybridized to the of the a strands. The bases of a number p of nucleotides in 

attached a oligomers; pre-fabricated rx-P DNA molecules each y strand adjacent to the randomized 5'-lerminal nucle- 

cau be covalcuily attached to functionahzed substrate SiO otides are universal bases, where p is the number of new 

groups, biotinylated DNA oligomers can be bound to a 4 n nucleotides to be transferred from lhc e strands to the ends 

stteplavidin-coated surface, or thiolated DNA oligomers can of the u strands. In theory, p can range in value from \ to as 

be linked to a gold substrate, as discussed above. It is large a number as desired. In using the invention to make a 

preferred thai the 3' end of the a strand of the duplex ct-p set of long oligonucleotides which differ from each other at 

DNA oligomer be anchored to the substrate through an only one or a few nucleotides, it may be practical to use 

uncharged spacer group; however, the orientation of the 45 oligomers having large p, so as to add large blocks of 

strands of the duplex a-p oligomer with respect to the nucleotides to the ends of lhc a strands in a single step. In 

substrate may be reversed, although suitable restriction using the invention to make an array of highly variable 

enzymes needed in step 6 below are more rare in this case, oligonucleotides, the upper value of p is limited by the 

as noted above. practical need to repeat the steps for adding p nucleotides up 

Synthesis of a different oligonucleotide secuence in each 50 1° W different times for each set of p nucleotides that arc 

depot is achieved by a sequential series of hybridization, added. 

ligation, melting, and cleaving reaction, in which each depot Step (2): In the presence of T4 DNA ligase and ATP, the 

is locally heated in turn so that e (epsilon) DNA strands 5' ends of the y strands become ligalcd lo the 3' ends of the 

comprising the new nucleotides to be added hybridize only (J strands. 

to DNA strands of the depot where addition is Lo occur. 55 Step (3): Desired strands € (epsilon) arc introduced lo 

Ijocalized heating of the DNA oligomers of the claimed hybridize lo the y strands, wherein ihe c strands have p 

invention may be achieved by any suitable means in accord nucleotides at iheir 3' ends which are to be added to the a 

with the types of oligonucleotides being synthesized, the strands. Since Lhc re are AT different types of c slrunds, p 

type of substrate used, and the embodiment of the invention being the number of bases added in each step, with each 

being employed. Suitable methods for locally heat jug depot 60 different e strand ending in oue of the 4P possible sets of p 

sites arc discussed in detail below. The temperature for bases, this step would need to be repealed once for each of 

heating is selected, with consideration to the lengths and the different p-tuplcs of bases added to the eniirc substrate 

sequences of the oligomers and to the ionic strength of the or plate, prior to lignting. The e. strands hybridize with the y 

reaction solution, to rapidly melt off uudesired DNA strands strands, with the p bases lo be added pairing with the p 

bound to the y strands without melting the a-p duplex 65 universal bases on the y strands. The overall lengths and 

structures, so that the desired e strands with the nucleotides nucleotide sequences of the y and e oligomers are selected so 

to be added can hybridize lo the exposed y strands. that y and unligated e strands lbrm a duplex structure that 
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mclls at a temperature nl which the tt-ft duplexes remain 
intact. A preferred configuration for the tt-|3-y-£ complex is 
one wherein the 5' ends of e strands and 3* ends of y strands 
form blunt ends. 

Step (4): Jn the case where a single type of oligonucle- 
otide is being made, nicks between the 3' bydroxyl termi- 
nations of the e strands and the 5' phosphate terminations of 
the « strands are ligated according to Step 5 below. 

In the case where an array of different siibstratc-lx)und 
oligonucleotides is being synthesized, with new nucleotides 
also being added to the ends of DNA oligonucleotides at 
other locations on lhe substrate, the undesired € strands arc 
removed by local heating without melting the a-p duplex 
portions, for example, by using laser illumination patterned 
with a lithographic mask, and are washed away. Desired c 
strands arc then hybridized to exposed y st rands of substrate- 
bound DNA molecules al the heated locations, by repealing 
Step 3. Steps 4 and 3 of healing to selectively remove 
undesired t strands, and then hybridizing desired e strands 
at each location where nucleotides arc to be added, arc 
repeated until all locations where nucleotides to be added to 
the sticky ends of the substrate-bound DNA have been 
treated. 

Step (5): After all desired e strands are hybridized to the 
growing DNA molecules, nicks between the 3' hydroxy] 
terminations of the e strands and the 5' phosphate termina- 
tions of the a strands are ligated using T4 DNA ligase again. 

Step (6): The resulting double-stranded DNA molecules 
are cut with a restriction enzyme that leaves a new sticky end 
simitar to die original u-p siicky end, except thai cleavage 
results in addition of p new nucleotides to the 5 ! end of the 
a strand. Cleavage may also result in addition of one or 
more paired nucleotides to the 3' end of the p strand. In the 
preferred method, the restriction enzyme that is used is one 
that cuts at a site adjacent to, but outside of, its specific 
recognition sequence that is built into the €-y sequence, to 
leave the new sticky end on the growing double-stranded 
oligonucleotide. An example of such a restriction enzyme 
which is suitable for use in the invention is Alw 26 j. 
Restriction enzyme recognition sites in the growing o>(5 
duplex can be protected from unwanted cleavage by mcthy- 
lation of one or both strands at the enzyme recognition site 
in the «-p duplex to be protected, using Lhe appropriate 
methylase enzymes, or by incorporation of a methylated 
nucleotide or a restrielion-cnzymc-inhibiting nucleotide 
analog, which incorporation could be carried out during 
synthesis of the original a-p duplex stem, or in the step 
wherein new bases are added to the growing duplex DNA 
molecule. 

Step (7): The process is repeated for each new set of bases 
to be added io the growing duplex DNA molecules. 

One skilled io the art con readily design the original a and 
p oligomers to comprise a recognition site for a restriction 
enzyme that is different from the one used in the synthetic 
reactions, so I ha I the polymers can be released after 
synthesis, if desired. 

An alternate and less-p referred procedure is illustrated in 
FIG. 4 in which steps 3-5 are modified to include use of 
protective 6 strands as follows: 

Step (3, modified): An excess of 6 (delta) protector strands 
are prepared which are perfectly complementary to ail of the 
nucleotides of -he single-stranded portion of the y strands 
extending fiom the u-[3 duplex, except that the 6 strands 
comprise 3' -phosphate-terminated cuds, or they lack a 
complementary nucleotide at their 3 ? ends, so that unwanted 
ligation of the 3' ends of the 6 strands to the S'-ends of the 
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a strands is prevented. The excess of o protector si rands are 
inlroduccd to hybridize to and protect the y strands in 
non-rescting depots front binding to nuclcotide-adding c 
strands. 

5 Step (4, modified): In desired locations, the proleclor o 
strands are melted off the y strands by local healing, for 
example, by using laser illuminatiou patterned with a litho- 
graphic mask, and are washed away. Desired strands c 
(cpsiloii) arc then introduced to hybridize to the siugle- 

10 stranded y oligomers. The remaining steps of the alternate 
method are as described above for Lhc method in which 
projector ft strands are not used. If one wants to make some 
of the strands shorter than normal, so that the o strands need 
to be left in place during the restriction step, the strands 

15 conlaining a 6 may be protected from cutting by methylation 
of the restriction enzyme recognition site on the 6 strand. 

The fidelity of synthesis attained using the above- 
described method for oligomer synthesis of the present 
invention permits efficient and accurate synthesis of oltgo- 

~° nucleotides in substrate-bouud arrays that arc consklcrably 
longer than those that can be accurately made using current 
technologies; for example, substrate -bound oligonucleotides 
of up to 20, 30, 50, or eveo 100 or more nucleotide subunits, 
_ can be accurately made by the present invention. 

Storing Oligomers in Depots 

Oligomers are stored in the depot array of the storage 
device by allowing them to hybridize specifically to oligo- 

#5 mers comprising complementary snbunit sequences which 
are attached al the depol sites ((2) in FIG. 2), Io form 
double-stranded oligomer complexes attached to the depot 
sites ((7) in FIG. 2). Those skilled in the art recognize that 
the number of consecutive complementary nucleotides that 

35 must be present in an oligonucleotide so that it hybridizes 
specifically to a target nucleic acid molecule can vary 
considerably, from about 4 up to 14 or more, depending on 
such factors as the complexity of the set of target nucleic 
acids and the physical conditions (ionic strength, 

40 temperature, anionic and cat ionic reagents, etc.) used in the 
hybridizalion and wash steps. Hie statement that a soluble 
oligomer hybridizes specifically to a substrate-bound oligo- 
mer or olher target nucleic acid is intended to mean that a 
portion of the oligomer comprising a nucleotide sequence 

45 complementary to a sequence in the substrate-bound oligo- 
mer or other target nucleic acid binds by Watson-Crick 
base-pairing to the complementary portion of the substrate- 
bound oligomer or other target nucleic acid to form a stable 
double-stranded complex, under hybridization conditions 

50 thai are sufljcicnlly stringent thai oligomer molecules having 
fewer bases complementary to, or forming less stable duplex 
structures with, said substrate -bound oligomers or other 
target nucleic acids do not hybridize to said substrate-bound 
oligomers or other target nucleic acids and form stable 

55 double -stranded complexes. Selection of parameters such as 
the lengths of the complementary portions of the soluble and 
substrate-bound oligomers and the conditions used in 
hybridizalion and wash steps, so that the soluble oligomers 
hybridize specifically to their subsl rate-bound counterparts, 

60 is well within the capabilities of a person of ordinary skill in 
the art (e.g., see Sambrook el al., 1989, supra, Chapter 11). 

For example, a complete set of oligonucleotides compris- 
ing every possible sequence of n consecutive nucleotide 
subunits can be stored in an array of 4" depot sites com- 

65 prising complementary oligomers by exposing the array to 
the soluble oligomers at a temperature about 25° C below 
the lowest melting temperature for the set of double- 
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slrnnded complexes to be fanned, in a suitable buffer sites. Alternatively, the storage (Jevice sulfate comprising 

containing a high molar concentration of Na*. The time the depot array could be in contact with, or have integrated 

required lo saturate the 4" depot sizes with the n-mer within it, a controllable, addressable, array of resistive 

oligomers is known to be dependent on the concentrations of heating elements which is spatially aligned with the depot 

the oligomers, the temperature, and I he concentration of Na' 5 arra >'. Sl > lhal application of current to selected resistive 

ions. If the soluble oligonucleotides are applied at a con- h ei4lin S elements locally heats selected depots proximal lo 

centration of 0.5 mole of single nucleotides per liter and the ,hc activated heating elements to release the desired oligo- 

Na* concentration is 1 mole per liter, the time for half of the mers Heller el al. teach fabrication of a silicon substrate into 

hybridization reaction to be completed Is about 4 second* for w ^ h « mU f ated a micro-array ol e ectronically addres- 

n-lO.aixi about 100 days for d-20. (Britten et al., Methods 10 T™^TmT?r U^ MM «TZlH 

. . ^rsij, i ^ DNA storage sites (U.S. Pat. No. 5,605,662, coJ. 9—10, 

m EozymolOB- 1974 voL 29, pari h pages 363-418; n-16). Accordingly, it is within the knowledge of those 

Welniur ct al , J. Molecular Biology 1989, vol 31 page 349; ski]|cd io me art of micro , ithography and thick film circuitry 

lirnten et al., Science, 1968, vol. 161, page 529). to fabricate a DMA chip in which there is integrated an array 

Releasing Selected Oligomers °f electronically addressable micro-local ions comprising 

15 resistive heating elements such as can be formed, for 

A custom set of soluble oligomers of kuowu composition example, by depositing undoped polvcrystulliiie silicon at 

is obtained by locally denaturing double-stranded com- positions between addressable conducting wire grids 

plexes of selected depots of the intact array comprising the (Kamins, Polycryslalline Silicon for Integrated Circuit 

desired oligomers, and collecting the oligomers released Applications, 1988, Kluwer Academic Publications, 

from the selected depots ((5) in FIG. 2) into the buffer 20 Boston). As described by Heller et al., metal contact pads 

solution in which the array is immersed ((8) in FIG. 2). along the outside perimeter of the chip permil wiring such a 

Dena.ru ration of oligomer complexes at selected depots can chip comprising an integrated electronically addressable 

be achieved by auy of the nucleic acid-denaturing treatments micro-array to a microprocessor-controlled power supply 

known to those skilled in the art of nucleic acid biochem- and interface for controlling the device (U.S. Pal. No. 

islry. Those skilled in the art appreciate that the melting 25 5,605,662, col. 12). The amounts of oligomers released by 

temperature of a double -slrandcd oligonucleotide complex localized heating can be controlled by varying the amount of 

is dependent on the length, nucleotide sequence, and chemi- ueal applied, e.g., by controlling the intensity of the laser 

cal structure of Ibe complex, and on the ionic strength and ^ or the temperature oi the resistive heater, and/or by 

chemical composition of the solvent (see Sambrook et al., var ? in k the time period during which heat ls applied^ 

19S9 supra pace 11 461 v Acc oTding to the preferred melh(Kl, the locah/ed heating of 

-.J / « \_ « . , . , . , _ selected depots lo release desired oligomers stored therein is 

The preferred method for denaturing double -stranded electrically comrolle d by a programmable microprocessor 

complexes at the selected depots lo release the desired and an interface for controlling the process. By the method 

oligomers is by locally heating the selected depots so as to of the pre sent invention, local heating of selected depots will 

subject the selected depots to a raised temperature under cmise oligomer duplexes at the heated depots to melt in a 

appropriate solution conditions for a period of lime sufficient 55 s ^ n ^ 0 f the order of seconds, to yield single-stranded 

to release the desired oligomers from the selected depots. oligomers in quantities related to the' time and extent of 

Localized heating of the selected depot surfaces can be healing. 

achieved by any suitable means in accord with the structure Heller et al. teach that denaturation of DNA at selected 
and size of the supporting substrate, and the size and depots ean also be induced by locally increasing the negative 
disposition of the individual depot sites. For example, 40 electric polenlial al ihe selected depots (Heller el al., U.S. 
selected depots can be locally heated by illuminating the Pal. 5,605,662. column 20). 'fbus, an array of micro- 
surface of the array, in a suitable buffer and at a temperature electrodes integrated within, or closely associated with, a 
below the melting point of the oligomer duplexes, with a substrate supporting an oligomer-storing array of depot sites 
pattern of focused irradiation iioin a radiant energy source ca " be uscd to create denaturing conditions al selected 
((4) and (9) in FIG. 2), e.g. an argon laser, thai heats only 45 depots of Lhc anny to practice the present invention. In 
those depots storing the desired oligomers. The laser can be addition positively charged chaotropic agents and other 
mounted on a support which provides precise x-y translation denaturants can be added to the solution in contact with the 
conlrol, to permit controlled heating of one depot at a time, «kc"* de P° ls , 10 P rouaote denaturation ot the attached 
in serial fashion. Alternatively, the laser can have a broad double-stranded complexes. Exposure to denaturing solu- 

beam that can irradiate a mask, ihe image of which can 50 |!°" ™ n !h *! ""J* 1 " 1 f ™ 

.. 4 „ r . , . . ti * d 6 „ . denatuiation bv surrounding the selected depot surfaces with 

irradiate all of the depots in the array at once. The mask can a ^y^^u* baif L tLat proV0Q £ ihe denaturing 

thus be u.sed to shield the uaselected depot, so that only ^ ^ non ^\J*d depot surfaces. For 

those comprising the desired oligomers are healed lo heal cxamp i c , indivWua i rf^ls of a large- sea iV array, in which 

a single depot having a surface area of about 100 ,mr ro depot surfaces arc 0J t0 1( , mm or morc in diamctcr> can ^ 

about 70° C. m a suitable buffered solution to locally melt 55 s i lua ted in wells or surrounded by raised divider walls to be 

double-stranded DNA duplexes stored at lhc heated depot -fluidically isolated" from each other, so that selected depot 

will require roughly 10 milliwatts of argon laser light (488 surfaces can be exposed to denaturing solution without also 

nm). Use of a substrate which is transparent to argon laser exposing non-selected depot surfaces to the denaturing 

light, e.g. crystalline Al 2 0 3 , to support thermally isolated, conditions. Denaturation of selected depots, whether by 

light-absorbing, depol surfaces to which the oligomers arc 60 localized heating, application of increased negative 

attached, allows back illumination of the desired depots as potential, denaturing solution, or auv combination of these 

shown in FIG. 2, thus protecting the oligomers from direct rocan ^ can bc carric(1 om 9Bt ^y t one fc pol al a iim ^ or in 

exposure to the laser radiation. A substrate of AL,0 3 is also paxallel with muttiplc depots being treated simultaneously, 
advuntageous because the high inermal conductivity of 

A1 2 0., permits Ihe substrate lo act efficiently as a heal sink, 65 Collecting and Using the Released Oligomers 

by drawing heat away from the irradiated depot sites and so Oligomers released from selected depot sites following 

providing greater thermal isolation of the unseleclcd depot denalutation of double-stranded complexes at ihose sites 
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((5) in KIG. 2) arc collecting by collecting the solution in complementary lo the full sequence of jV, and has in addition 

contact with the treated depot surfaces ((H) in RG. 2). The a quartet of A's and a biotin group at the 3' end for attaching 

solution in contact with the oligomer-sloring depot array can the u's to the substrate. SEQ ID NO: 3 (f>) is identical lo p' 

he enclosed or contained within a reservoir, and once the except thai four bases are missing from the 3' end to produce 

desired oligomers arc released into the solution, it can be 5 a 4-hasc sticky end when hybridized to t:i. In oligomer SEQ 

collected by any suitable means, e.g. by a manually operated ID NO: 4 (7), the first N in the 3'-*5 f direction is a universal 

or automated pipetting device, or a syringe. Alternatively, base, such as 5-NiiroindoJe, and each of the subsequent N's 

the solution containing the desired oligomers can be arc random deoxyrihonuelcotidc bases. The concentration of 

removed from the reservoir and transferred to a suitable anyone particular version of 7 will be .1/256 of the total. The 

collecting device, and fresh solution can be added to the 10 e oligomers (SEQ 1 1) NOs:5- 8) each contain one of the two 

reservoir in its place, e.g. to wash away residual oligomers single-stranded sequences from the duplex DMA Alw 26 I 

in preparation for releasing a different set of oligomers, by restriction enzyme recognition sequence, which cuts leaving 

using automated or microprocessor-controlled pumps which the 5 ? sticky end indicated: 

direct the flow of the different solutions through tubes 5\ . . !>fNNGTCTCN 3 f (SEQ ID NO: 9. from the e strand) 

connected to the reservoir. 15 3, NNNCAGAGNNNNN 5* (SEQ ID NO: 10, from 

Ihe collected oligomers may then be used in pa»tocols the y strand), 

which employ a customized set of oligonucleotides or wherein ibe 5^ N from the 5 ? end of the y strand is a 

oligonucleotide analogs. Such protocols include, but are not universal base, and the other Ns designate A, 0, G, or 

limited to, protocols for nucleic acid computation, nucleic -j- 

acid amplification, poly nucleotide synthesis by primer rh c detailed steps in making a DNA hybridization array 

extension or by ligaling together overlapping eomplimen- are as follows. 

tary oligonucleotides, nucleic acid hybridization for detec- Stcp (j) \ Vc start bv attaching a oligomers uniformly 

tion or isolation of a target nucleic acid, aud data encryption ovcr !bc iSu bstrate. c.g.,'by using the affinity of biotin for a 

and transmission. streplavidin-coatcd glass surface, and p strands are then 

hybridized with the anchored a strands, giving: 

EXAMPLES s , TCTTAACAXA GGAATTTGAGGCAGTACG- 

The tbllowing examples further demonstrate several pre- CAAAAA 3'-B (a, SEQ ID NO:]) 

fcrrcd embodiments of this invention and are offered by way 3 ? Tl 'G TATCC 1TAA ACTCCG TCATG CGT 5 ! (p\ SEQ 

of illustration, but should not be coaslrued as limiting the M) ID NO:3). 

claims thereof. Those skilled in the art will recognize Step (2). The set of y DNA strands (SEQ ID NO: 4) is 

numerous equivalents to the specific embodiments described introduced to hybridize with the sticky ends of the a strands, 

herein. Such equivalents are intended to be wilhiii Ihe scope and the ends of the y DNA strands are ligaled lo the ends of 

of the claims. the p strands of the anchored a-0 DNA by incubating with 

35 T4 DNA ligase and AIT, giving: 

Example 1 " 5' TCTTAACATAG G AATJTG AGGCAGTACG - 

Synthesis of a DNA oligonucleotide by the ligation/ CAAAAA 3 ! -H (a) 

restriction method 3. TCAOGTCAG AGONNNNNTTGTATCCT- 

As a concrete example for the case in which a single base TAAACTCXTGTCATX3CGT 5' (y+(3) 

* lo be added Co the strands in each step (i.e. p-l), the m whc|C thc „ suand fe SE0 II) NO: 1, and the y*(i strand 

foUowmg oligomers are selected to carry out the needed fa S£Q , D NQ . u whw6jn lhc , irst N in lhc 3 43 5, 

reactions. direction in y is a universal base and the subsequent N's 

34-mer, a: 5' TCITAACATAGGAAITJ'GAGGCAG- designate A , C, G, or T. 

TACGCAAAAA 3-biorin (B) (SEQ ID NO: 1). Stcp (3) lhc ONA-^overed substrate is incubated in the 

3U-tncr, P': 3' AGAAlTGTAXCC'lTAAACf CCGTCAT- 45 presence of an oligomer denoted e x containing the base X to 

GCGT 5' (SEQ ID NO: 2). be added to the a strand, so that tiic a x oligomers hybridize 

26-incr, |5: 3' n GTATCCTrAAACl A CCGTCAlXiCGT5' to lhc y strands. In this example, c^-SEQ ID NO: 5; e ,«SEQ 

(SEO ID NO: 3). ID NO: 6; € 0 -SEQ ID NO: 7; and e c -SEQ ID NO: 8. 

17-mcr, Y : 3 TCACGTCAGAGCN NNNN 5' (SEQ ID Step (4): To add one of the 4 bases A T G,orC, to DNAs 

NO: 4), wherein the firsl N in the 3'-V direction is a 50 of V" J" 0 " 5 chHw l enU ^P 0, f' ******** step would 

universal base and the subsequent N's designate A, O, ° eed , lo be repeated with each of the 4 different € , y strands at 

q nr 'j- lhc desired substrate locations prior loligating and cleaving. 

. •> ! a r-irv- a r* rr*m* a « /cm kt^ Aflcr tht nrsl Mc P m w toch «™ e v strand is hybridized to rlie 

13-mer, e A : 5 AG TOCACK^A 3- (SEQ NO: 5 . subslrate . bound DNA , and bclbPc each subsequent t x addi- 

13-mer, c,: 5 r AG 1 GC AG I CTCG 1 3' (SLQ ID NO: 6). 55 lioil ^tp, um ] csircd Cjr slrarjt j s arc mcllct1 away from tht . 

13-mer, t c : 5' AGTGCAGTCTCGG 3' (SEQ ID NO: 7). DNA of lhc depots where thc nucleotides are to be added by 

13-mer, e c : 5' AGTGCAGTCJ'CGC 3' (SEQ ID NO: 8). local healing, e.g., by using laser illumination patterned with 

Thc sequence of oligomer SEQ ID NO: 2 (fT) consists of a lithographic mask for 10 seconds to give a loeul tempera- 

1ft A-T's and 12 G-C's, chosen to minimize thc number of lure of approximately 70° C, thereby producing the same 

A-T and/or G-C matches of the sequence with itself for 60 duplex DNA structure comprising a duplex a-p portion 

shifts of up to ±20 bases. It is further chosen to have no more produced in Step 2, wherein y DNA strands in thc selected 

than 3 A's, T's, or G-C's in a row; no more than 2 G's or 2 areas are receptive to one of thc e A . oligomers. Desired t x 

C's in a row. These selections arc to ensure that thc strands strands are then hybridized to exposed y strands of substrate- 

wiU not form hairpins. Oligomer SEQ ID NO: 2 (P") is bound DNA molecules at the healed locations by repealing 

chosen to lack the restriction enzyme Aiw 26 1 recognition 65 Step 3. Local heating to selectively remove undesired z x 

sequence GTCTO'CAGAG or either of thc four base pair strands without melting duplex o>p portions (Step 4), and 

segments of that sequence. Oligomer SEQ ID NO: 1 (a) is hybridization of desired t x strands at each location where 
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nucleotides arc lo be added (Step 3), are related until ail the depots will contain sequences ihal do nol correspond to 

depots where nucleotides are to he added have been treated the programmed growth. In operation, the area between the 

with a desired e v oligomer. depots should not be subjected to heating; e.g., through use 

Step (5): After all desired c strands are hybridized to the of a mask, 

growing DNA molecules, nicks between the 3' livdroxvl 5 Al a)ncentrations of J0" h M (moles per liter), hybridiza- 

lerminaiionsof the c strands and the 5* phosphate termini- tion reactions rales are of the order of is' .'Ihe rate limiting 

lions of the a strands are ligatcd usim> T4 DNA ligasc again. slc P* in lh * "**mc ore the two ligation steps and the one 

Ligation of ihe hybridized e Y strands to the a strands by ™>\naioii step. According lo their catalog one New 

incubating with 14 DNA ligaTsc and ATP gives: r^^uT f °' ^ T ^ ^ KS 

& 49 to ;>0% ligation ot Hind III fragments in 30 m al a ^ DNA 

y AG T G C A G T C T CGN T C TTA A C ATA G - xtrmim concentration of .10" 7 M. Using a high concentration 

G A Alii GAGGOAGTACCjCaAAAA 3VB(e+a) of C07ymc ^ resuJt in sufficiently complete ligation in a 

V TCACCi TCA G A G C N N N N NTTG TATC CT- few minutes, 1 Tic restriction cn/.ymc will also ael in a few 

TAAACTCCGTCATGCGT $ (t+P). minutes. 'Jhe ligation and restriction enzyme cleavage steps 

where the y+P strand is SEQ ID NO: 1.1 as described 15 need lo occur only once in ihc four cycles. One may thus 

above, and wherein and the c+a slnind is SEQ ID NO: ' estimate that growth of a DNA array by the mcthixl 

12 wherein N is A, C, G, or T. described would lake less lhan 30 minutes per four bases 

Step (6): The DNA-covered substrate is incubated at 37° added, comparable lo the 1 hour per four bases in the early 

C. with Ahv 26 I restriction enzyme, and a small sticky- light-directed synthesis work of Ref. 7. 

ended double -stranded oligomer is cut. oft* and washed away , Q Example 2 

producing: Releasing a set of oligonucleotides of known sequence from 

5' NTCTTAAC A TAGG A ATTTGA GGC AG- an oligomer-sloring device 

TACGCAAAAA 3-B (tt+N) Tliis example, illuslrated in FIGS. 5A and 5H, demon- 

3 1 NTTCTATCCTrAAACTCCGTCATGCGT 5* (j5+N), strates an embodiment of Ihe invention in which three 

wheica+NisSE0IDNO: l3andp4NisSE01DNO:14. 25 selected DNA oligonucleotides, a, b, and c, are released 

wherein N is A, C, G, or T, and from . sto ™S c devi ^ a,ltl "^icrs a and b are 

v AnYVArwr v /ccn in Mn i <a hybridized cnd-lo-end to complementary oligomer c and are 

5 ACjIOUMjIXJCG 3 (5>bU ID NO. 15) Kga|ed togt . ther lo pTO fa ce a longer DNA molecule. This 

3' TCACGTCAGAGCNNNN 5' (SEQ ID NO: 16) ? method is useful, for example, as a step in a protocol lor 

wherein the first N in the 3 ! -^■5 , direction is a universal 30 solving a Hamilton! an path problem (Adleman ct al., Supra, 

base and the subsequent N's designate A, C, G, or T. pages 1022-1023), or tor making a synthetic gene. 

This leaves the new deoxyribonucleotides X of c x added to The device that stores and releases the oligomers com- 

the n strands, and the ci-p strands in a stale precisely like that prises a 1 cmxl cm wafer of crystalline A] 2 0 3 substrate ((.I) 

encountered in step 2, except for being one base pair longer. in FIG. 5A) that supports a square array of 165x165 depot 

Step (7): 'Itie synthetic cycle is now repeated by returning y$ pads. Wafers of crystalline A1 2 0 3 , "synthetic sapphire", 

to Step 2 of the above-described example. By repeating which arc suitable for use with the present invention can be 

Steps 2-6 one may now add as many bases as desired in obtained from Saphikon, Milford, N.H., 03055. The top 

what ever pattern is needed. surface of each depot pad is 50 ^mix50 //m, and the depot 

Step (8). Wheu the a slrauds have the desired sequence, pads are spaced 10 /mi apart in both x aud y directions in the 

the lengthened £ strands arc melted off and washed away. 40 array. Each depot pad comprises 3 layers, (1) a thermally 

The p' strands are then allowed to hybridize with the « insulating Ittm thick layer of porous Si0 2 which is attached 

strands, leaving the newly synthesized oligonucleotides in to the Al 2 0 3 substrate, (2) a tighl-absorbing 0.5 am thick 

single-strand fonn, attached at their 3 ! ends to the blunt- layer of amorphous Sr0 2 , and (3) a top, 0.5 fim ihkk layer 

ended tt-0 duplexes al the 5' ends of the a strands. Jf the of Si0 2 , to which oligomers having selected nucleotide 

number of added nucleotides happens to be four, this lasi 45 sequences arc attached ((2) in FIG. 5A; see (10), (11), and 

step is not needed. (12) in FIG. 2). Ihe attached oligomers are 20-mcr DNA 

The t strands are more than 50% G-C*s and would be oligonucleotides (20 nucleotides in length) lhat are 

expected to dissociate at a rate of less than 10" J s" J or less covalcntly attached at Lheir 3' ends to uncharged spacer 

at 22° C, compared to 10 2 s" 1 at 70° C. (from extrapolation groups, which spacer groups arc covalcntly attached to the 

of the data in FIG. 6 of Morrison et al. Biochemistry, 1993, 50 upper Si0 2 surfaces of the depol pads. 20-mer DNA oligo- 

vol. 32, pages 3095-3014; see also C. Cantor aud P. nucleotides which are complementary to the attached oligo- 

Schimmel, Biophysical Chemistry, 1080, Freeman Press, mers are stored in the device by their being specilically 

New York, page 1217). The melting point for similar hybridized to the attached oligomers by Watson-Crick base- 

14-mcrs is about 40° C. (Wallace ct al., Nucleic Acid pairing. The stored oligonucleotides have 5'-phosphate and 

Research, 1979, vol. 6. pages 3543-3557). Thus, a 10 sec 55 3'- OH termini, so that they can be ligaied logelher. 

heat pulse raising the temperature of a spot to 70° C. will The depol array is immersed in about 100 /d of solution 

result in a 99.9% chance thai a new base is incorporated containing 1 M NaCl, 5 mM EDTA, 0.1 M Tris-Cl. pH 8.0, 

where it is wanted and a similar chance that it is nol 0.5% SDS. 

incorporated elsewhere if the temperature there is less than As shown in FIG. 5A» the depot sites storing oKgonuclc- 

20° C. The p' strands dissociate at a rate of roughly 10" 5 s -1 60 olides a, b, and c, are each irradiated ihrough the A1 2 0 3 

at 70° C, and thus ihe structure should be quite stable under substrate with appTOximaiely 100 milliwatts of argon laser 

the temperature cycling needed for Steps 2-7. light (488 nm) ((9) in FIG. 5A) to melt double-stranded 

It is estimated that when one depot is heated to the 70° C. oligonucleotide complexes al the heated depots and release 

required in Step 4 the temperatures of uoy uniUtiiniuaied the desired single-stranded DNA oligonucleot ides molecules 

neighboring depots will not rise above 20° C. if the substrate 65 into the solution {(5) in FIG. 5). 

is heat-sunk to near 0° C. Although the dissociation rates for The 3' half of oligomer a and the 5* half of oligomer b arc 

oligomers are a sleep function of leuipcrature, Ihe borders of complementary, respectively, to the 3* uud 5' halves of 
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oligomer c. Thus as shown in FIG. SB, oligomer c hybridizes intended 10 cover any variations, uses, or adaptations of the 

to the 3' end of oligomer a, and also to the 5' end of oligomer inventiun following, in general, the principles of the inven- 

b, and it functions as a molecular splint by aligning the a and ij on and including such departures from the present disclo- 

b oligomers end-io-endso that they can be covalently joined surc ascom c within known or customary practice within the 

by ligase enzyme to produce a longer DNA molecule. 5 >(| {Q which fte iQVCDtion and » may be applied to 

While the irvenuon has been described in connection ^ ( f hereinbefore set forth and as follows in 

with specific embodiments thereof, U will be understood that , _ . . . , . 

it is capable of further modifications ami this application is rhe ^ of the a PP™ ded cU,ms - 



SEQUENCE LISTING 

(1> GENERAL INFORMATION: 

(iii) NUMBER OP SEQUENCES: 16 

(2) INFORMATION FOR SEQ ID NOjIj 

(ij SEQUENCE CHARACTERISTICS: 
(A) LENGTH : 34 base pairs 
(3) TYPE: nucleic acid 
tC) STRANDEDNESS: single 
<D) TOPOLOGY: linear 

(ii) MOLECULE TXPE: DBA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 
TCTTAACATA GGAATTTGAG GCAGTACGCA AAAA 

(2) INFORMATION FOR SEQ ID NO :2 s 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 30 basa pairs 
(3) TYPE; nucleic acid 

(C) STRANDEDNESSj single 

(D) TOPOLOGY : linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO»2: 
TGCGTACTGC CTCAAATTCC TATGTTAAGA 

|2> INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 base pairs 
(3) TYPE t nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NOr3i 
TGCGTACTGC CTCAAATTCC TATGTT 

(2> INFORMATION FOR SEQ ID NO:4: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH i 17 base pairs 
(3) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ IDNO»4i 
NHNNNCGAGA CTGCACT 
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-continued 



(2) INFORMATION FOR SEQ Il> NO:5: 

(i) SEQUENCE CHARACTERISTICS: 
{A) LENGTH: 13 base pairs 
(fl) TYPE : nucleic acid 

(C) STRANDEDNE5S : single 

(D) TOPOLOGY : linear 

<ii) MOLECULE TYPE l DNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO : 5 : 
AGTGCAGTCT CGA 

(2) INFORMATION FOR SEQ XD NO: 6: 

(i) SEQUENCE CHARACTERISTICS t 

(A) LENGTH: 13 base pairs 

(B) TYPE! nucleic acid 

(C) 5TRA1J.DE DN ESS : single 

(D) TOPOLOGY: linear 

<ii) MOLECULE TXPE: DNA 

<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
AGTGCAGTCT CGT 

<2> INFORMATION FOR SEQ ID NO: 7: 

<i> SEQUENCE CHARACTERISTICS: 
{A> LENGTH: 13 base pairs 
(8 ) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) topology : linear 

<ii) MOLECULE TYPE ; DNA 

<xi) SEQUENCE DESCRIPTION: SEQ ID NO :7s 
AGTGCAGTCT CGG 

<2> INFORMATION FOR SEQ ID N0l8: 

(i) SEQUENCE CHARACTER 1ST ICS t 

(A) LENGTH: 13 base pairs 

(B) TYPEs nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

<ii) MOLECULE TYPE t DNA 

<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
AGTGCAGTCT CGC 

(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 base pairs 

(B) TYPE i nucleic acid 

(C) STRANDEDNESS t single 

(D) TOPOLOGY : linear 

<ii) MOLECULE TXPE: DNA 

(xi) SEQUENCE DESCRIPTION I SEQ ID NOi9t 
NNNGTCTCN 

(2> INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS : 
(A) LENGTH: 13 base pairs 
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-continued 



(3) TYPE: nucleic acid 
(C) ST HANDEDNESS r single 
<D> TOPOLOGY: linear 

(ii) MOLECULE TYPE: DHA 

(xi) SEQUENCE DESCRIPTION J SEQ ID NO>10» 
NNNNNGAGAC TO 13 

(2) IN FORMAT I OH FOR SEQ ID NO: lis 

(i) SEQUENCE CHARACTERISTICS t 
{A> LENGTH: 43 base pairs 

(B) TYRE: .nucleic acid 

(C) STRANDEDNESS: single 
<D) TOPOLOGY t linear 

(il) MOLECULE TYPE t ONA 

<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 
TGCGTACTGC CTCAAATTCC TATGTTNNUN NCGAGACTGC ACT 4 3 

(2) INFORMATION FOR SEQ ID NO: 12 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH : 47 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
{D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DHA 

<xi) SEQUENCE DESCRIPTION : SEQ ID HO: 12: 
AGTGCAGTCT CGNTCTTAAC ATAGGAATTT GAGGCAGTAC GCAAAAA 4 7 

(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS t 
(A) LENGTH: 35 base pairs 
(3) TYPE; nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

<ii) MOLECULE TYPE i DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 
NTCTTAACAT AGGAATTTGA GGCAGTACGC AAAAA 35 

<2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS I 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic etc id 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
TGCGTACTGC CTCAAATTCC TATGTTN 27 



(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 base pairs 

(B) TYPE: nucleic acid 
(C> STRANDEDNESS: single 
(D ) TOPOLOGY i linear 
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-continued 

<ii) MOLECULE TYPE: DNA 

<xi) SEQT7ENCE DESCRIPTION: SEQ ID NO: 15: 
AGTGCAGTCT CG .12 

(2) INFORMATION FOR SEQ ID NO1I6: 

(i) SEQUINCE CHARACTERISTICS r 

(A) LENGTH: 16 base pairs 

(B) TYPE: nucloic acid 

(C) 5TRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

<xi) SEQUENCE DESCRIPTION t SEQ ID NO: 16: 
NNNNCGAGAC TGCACT 16 



We claim: 

1. A method for providing a set of oligomers comprising 
known subunit sequences comprising: 

a) obtaining a device for storing and providing oligomers 25 
comprising a substrate that, supports an array of oligo- 
mer depots; 

wherein each depot comprises a delimited area or volume 
at which is attached a plurality of oligomers having a 
known subunit sequence, said oligomers being oligo- 
nucleotides and/or oligonucleotide analogs; 

wherein the subunit sequence of the oligomers attached to 
ar least one of said depots is different from the subunit 
sequence of the oligomers attached to a diifeicnt depot 
of said array; aud 

wherein oligomers comprising known subunit sequences 
arc stored* at a pluralily of depots of said array by being 
hybridized by Watson-Crick pairing to the oligomers 
attached at said depots to form doublc-strandcd 
complexes;, said stored oligomers also being oligo- 
nucleotides and/or oligonucleotide analogs 

b) locally heating one or more selected depots of the intact 
array to denature double-stranded complexes of said 
selected depots and release oligomers stored therein, 
without effecting significant denaturation of double- 
stranded complexes of the unsclectcd depots of the 
array; and 

c) collecting the oligomers released as a result of locally 
heating the selected depots. 

2. llie method of claim 1, wherein the oligomers attached 
to said depots and the oligomers that arc hybridized to said 
attached oligomers are selected from the group consisting of 
DNA oligonucleotides, RNA oligonucleotides, DNA oligo- 
nucleotide analogs, and RNA oligonucleotide analogs. 

3. ITk method of claim 1, wherein t he oligomers attached 
to said depots and the oligomers that are hybridized to said 
attached oligomers arc from 4 to 1001) subunits in length. 

4. The method of claim 3, wherein the oligomers stored in 
the depots are about 8 to 30 subunits in length. 

5. The method of claim t, wherein the depol array 
comprises 2 lo 1 0 7 depots. 

6. The method of claim 5, wherein the depol array 
comprises 10 2 10 TO 7 depols. 

7. The method of claim I, wherein the depots are sup- 
ported by a rigid substrate. 



8. The method of claim I wherein the depot sites range in 
diameter from about 1 micron lo about 1 centimeter. 

9. The method of claim 1 wherein the depot sites are 
thermally isolated from each other. 

10. I ne method of claim 1 wherein said selected depots 
are healed by irradiation from a radiant energy source or by 
application of electric current to electronic heating elements. 

11. The method of claim 10 wherein two or more of said 
selected depots are heated serially. 

12. The method of claim 10 wherein t wo or more of said 
selected depots are heated at the same time. 

13. The method of claim 1, further comprising: 

d) allowing at least one of said oligomers from step c) to 
hybridize specifically to a complementary nucleotide 
sequence in a template nucleic acid, and contacting said 
hybridized oligomer with an enzyme with nucleic acid 
polymerase aeiiviiy so that the hybridized oligomer is 
extended from its 3' end and a nucleic acid liragment 
complementary to a portion of the template nucleic acid 
is synthesized. 

14. The method of claim .1, further comprising: 

d) allowing at least one of sa id oligomers from stsp c) to 
hybridize specifically to a complementary nucleotide 
sequence in a nucleic acid template molecule compris- 
ing a first nucleic acid fragment lo be amplified which 
is positioned on the 3* side of said complementary 
nucleotide sequence; 

allowing at least one of saitl oligomers from step c) to 
hybridize specifically to a complementary nucleotide 
sequence io a nucleic acid template molecule compris- 
ing a second nucleic acid fragment to be amplified 
which is positioned on the 3' side of said complemen- 
tary nucleotide sequence, and which Ls complementary 
to said first nucleic acid fragment lo be amplified; 

contacting said hybridized oligomers with an enzyme 
with nucleic acid polymerase activity so that the 
hybridized oligomers arc extended from their 3' ends 
aud nucleic acids comprising said nucleic fragments to 
be amplified are synthesized; 

denaturing the resulting double-stranded nucleic acids, 
and repetitively carrying out said hybridization, 
polymerization, and denaturation steps to as to amplify 
said nucleic fragments to be amplified. 

15. The method of claim 1, further comprising: 
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d) allowing al least one of said oligomers from step c) lo 
hybridize specifically as a probe lo a complementary 
nucleotide- sequence in a target nucleic acid. 

16. The method of claim 1, further comprising: 

d) hybridizing at leasl two oligomer molecules from step 
e) end-lo-end to adjacent, complementary nucleotide 
sequences in at least one splint nucleic acid, and 

covalcntly joining the 3'-OH end of at leasl one of the 
hybridized oligomers to the 5'-phosphory tared end of 



an adjacent hybridized oligomer by an enzyme with 
ligase activity. 
17. The method of claim 1, further comprising: 

d) using said oligomers from step c) to determine a 
solution to a mathematical problem that is solvable by 
DNA-bascd computation 
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